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PKorxssoB  Tttoaix,  D.C.L.  LL.D.  F.R.8. 

Thf  Electric  Light. 

Itai  Mlijeci  of  this  cTcning's  disconrso  was  proposed  by  onr  Iat« 

Baaomy  Secretary.*     That  word  "late"  haa  for  me  its  own  connotn- 

It  implids,  Binong  other  things,  the  loss  of  a  comrndo  by  whose 

1 1  hsTe  worked  for  thirteen  ycara.     On  the  other  hand,  regret  is 

wiAaal  its  opposite  in  the  feeling  with  which  I  have  seen  him 

I  hf  ■iieer  intrinsic  merit,  moral  and  intellectual,  to  the  highest 

oSrial  position  which  it  is  in  the  power  of  English  science  to  bestow. 

Well,  be,  wfaooe  ocnatant  desire  and  practice  were  to  promote  the 

■rtaraati  Bad  extend  the  Dscfolness  of  this  Institution,  thonght  that  at 

I  wkeo  die  electric  light  oocnpied  so  mncfa  of  public  attention,  a 

notions  regarding  it,  on  the  more  pnrely  scientific  side, 

,  to  me  his  own  pithy  expression,  be  "  planted  "  in  the  public 

I  am  here  to-night  with  the  view  uf  trying,  to  the  best  of  ray 

■Mity,  to  realise  the  idea  of  our  friend. 

la  the  yaar  1800,  Volta  announced  his  immortal  disoorery  of  the 
WbeMed  to  eagerness  by  the  previoos  conflict  between  him  and 
'  I  Um  identific  men  of  the  age  flung  themselves  with  ardour 
;  tke  new  diacorory,  repeating  Volta's  experiments,  and  cxtunding 
ia  laaay  waya.  The  light  and  heat  of  the  Voltaic  circuit 
rked  attention,  and  iu  the  innumerable  teste  and  trials  to 
I  (Us  qoestioo  was  aubjccted,  the  utility  of  i)latinum  and  charcoal, 
A  exalting  the  light,  was  on  oil  hands  recognized.  Mr. 
,  with  a  battery  sarpaSBing  iu  strength  all  its  predecessors, 
'  inia  wiree  eighteen  inches  long,  while  "  points  of  charcoal 
a  light  80  vivid  that  the  sunshine,  compared  with  it, 
feeble."!  Such  cflbcts  reached  thoir  culmination  when,  in 
tliroagh  the  liberality  of  a  few  members  of  the  Royal  Institu- 
!■■>,  DavT  WIS  enabled  to  construct  a  buttery  of  2000  pairs  of  platea, 
•ilk  whiea  ha  afterwards  obtained  calorific  and  luminous  eflieots  far 
;  anything  previously  observed.   The  arc  of  flame  between 


•  Mr.  Willka  ifiettinroods,  Mm  Prendeot  of  the  Bojal  Sodaty. 
t  Dftvy :  •  CtMNdeal  Pbikaopby.'  p.  1 10. 
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tho  carbon  tcnniimlH  was  fonr  inches  lonp,  and  by  its 
sapjibiro,  niogiiesia,  and  lime,  wero  nidtal  like  wax  in  a 
wlnlo  fragments  of  diamond  and  plumbago  rapidly  di« 
reduced  to  vapour.* 

The  first  condition  to  l>o  fulfilled  in  the  dovclopmon 
light  by  the  electric  current  is  that  it  shall  encounter  i 
resistance.  Flowing  through  a  perfect  conductor,  no  ma 
strength  of  the  cnrrent  might  bo,  neither  beat  nor  li 
developed.  A  rod  of  unresisting  copper  carries  away  v 
nnwarined  an  atmospheric  discharge  competent  to  shive 
a  resisting  oiik.  I  send  the  solf-saino  cnrrent  through  a* 
of  alternate?  lengths  of  silver  and  platinum.  The  silve 
resistance,  the  platinum  offers  much.  Tho  consequenc 
platinum  is  raised  to  a  white  ho«t,  while  tho  silver  is  not  vii 
The  Rftmo  holds  good  with  regard  to  t!io  carbon  terminals 
tlio  priMluction  of  tho  oh  c trie  light,  Tho  interval 
tonninals  offers  a  powerful  resistance  to  tho  passage  of 
and  it  is  by  the  gathering  up  of  the  force  necessary  to 
this  interval  tlmt  the  voltaic  current  is  able  to  throw  th 
that  state  of  vinlinit  intestine  comraotiou  which  wo  call 
which  its  oft'nigonce  is  due. 

Tlio  smallest  interval  of  air  usually  suffices  to  stop  the 
when  tho  carbon  points  arc  first  brought  together  and  th 
there  occurs  between  them  a  discharge  of  incandescent 
carries,  or  may  carry,  tho  cnrrent  over  a  considerable 
vapours  of  tho  metals,  for  example,  yield  arcs  of  extraord 
When  a  pellet  of  silver  is  substituted  for  the  positive  carl 
incandescent  silver  vapour  is  obtained  many  times  the  L 
obtainable  between  t!io  puro  carbons.  Tho  part  played 
is  strikingly  illustrated  by  the  deportment  of  silver  i 
when  mixed  together  and  volatilized  in  the  arc.  The 
selects  as  its  carrier  tho  most  volatile  metal,  which  in 
thallium.  While  it  continues  abundant,  tho  passage  of  I 
io  free — the  resistance  to  it  is  so  small — that  the  heat 
incompetent  to  volatilize  the  silver.j  As  tho  thallium  di 
current  is  forced  to  concentrate  its  power ;  it  presses  the  i 
service,  and  finally  fills  the  spaco  between  the  carbons  ^ 
which,  as  long  as  the  necessary  resistance  is  absent,  it  is 
to  produce. 

•  In  the  concludiDg  lecture  at  tho  Boyal  Institution  in  June,  18 
iridium,  the  alley?  of  iridinm  and  osmium,  ami  other  refractory  bu 
'  Pbilosopliiciil  jfngazine,'  vol.  Jf5,  p.  4<j3.  Quetulet  nssigiis  the  fi 
of  the  Bpnrk  between  ciml-pointa  to  Curtet  io  1802.  Davy,  cer 
year  Bhowod  tlio  carbon  light  with  n  battery  of  150  paire  of  phitca 
of  the  Royal  Insliiution.     'Jour.  Roy.  Inst.,'  vol.  i.  p.  IGG, 

t  I  hnvo  lilrcndy  drawn  attiiulioii  to  a  danger  wbicli  besots  the 
when  opeoitirip  upon  a.  mixture  of  constiluent.a  Tnlstilo  in  difl'i 
When,  iu  1872,  I  llrBt  ubscrvetl  the  effect  dcticrilied  in  the  text,  ho 
that  silver  was  present,  I  should  tin  re  in/erred  ita  abiicnce. 
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with  oxygen  in  the  battery  is  also  ubBolntely  invariable.  ] 
batteries,  then,  continue  iu  action  until  an  ounce  of  zinc 
them  is  conHumcd,  In  tlie  one  case  tlie  heat  generate* 
domeBtic,  being  liberated  on  the  hearth  where  tlio  fnol  is 
is  to  say  in  the  cells  of  the  battfry  itself.  In  the  other  ca 
is  in  part  domestic  and  in  part  foreign — in  part  within 
and  in  part  outside.  One  of  the  fundamental  truths  whi 
Secretary  would  wish  you  to  bear  in  mind  is  that  the  i 
foreign  and  domestic — of  the  external  and  internal — he 
and  invariable.  To  have  heat  ontside  yon  must  dran 
heat  within.  These  remarks  apply  to  the  electric  ligh 
intermediation  of  the  electric  current  the  moden«to  war 
battery  is  not  only  carried  away  but  concentrated,  so  as  ' 
at  any  distance  from  its  origin,  a  heat  noit  in  order  to 
snn.  The  cuiTent  might  therefore  he  defined  as  the  si 
of  heat.  Loading  itself  here  with  invisible  power,  by  a 
transmutation  which  ontstrips  the  dreams  of  the  alcben 
discharge  its  load,  in  the  fraction  of  a  second,  as  light  and 
opposite  side  of  the  world. 

Thus,  the  light  and  heat  produced  ontside  the  battery 
from  the  mctoUic  fuel  bnmt  within  the  battery ;  and,  as  zi 
to  be  an  oxpcnsivQ  fuel,  though  wo  have  poBseased  the  cl 
for  more  than  seventy  years,  it  has  been  too  costly  to 
general  use.  But  within  these  walls,  in  the  antnmn  of  18f 
discovered  a  new  source  of  electricity,  which  we  have  now 
gate.  On  the  table  before  me  liee  a  coil  of  covered  coppei 
its  ends  disunited,  I  lift  one  side  of  the  coil  from  the  to 
doing  BO  exert  the  muscular  effort  necessary  to  overcome 
weight  of  the  coil.  I  unite  its  two  ends  and  repeat  the  i 
The  effort  now  required,  if  accurately  measured,  would  be  foi 
than  before.  In  lifting  the  coil  I  out  tho  lines  of  the  earth 
force,  such  cutting,  as  proved  by  Faraday,  being  always  ac 
in  a  closed  conductor,  by  the  production  of  an  "  inducei 
current  which,  as  long  as  the  ends  of  tho  coil  remained  se 
no  circuit  through  which  it  could  pass.  The  current  b 
enbsides  immediately  ob  heat ;  this  heat  being  the  exact  eq 
the  excess  of  effort  just  referred  to  as  over  and  above  tha' 
to  overcome  the  simple  weight  of  the  coil.  When  the  coil  i 
it  falls  back  to  the  table,  and  when  its  ends  are  united  it  ci 
resistance  over  and  above  that  of  the  air.  It  generates 
cmrent  opposed  in  direction  to  the  first,  and  reaches  the  ti 
diminished  shock.  The  amount  of  tho  diminution  is  accura 
sented  by  the  warmth  which  the  momentary  current  devel 
coil.  Various  dovict'S  have  been  employed  to  oialt  thei 
currents,  Faraday,  indeed,  foresaw  that  such  attempts  were 
made ;  but  he  chose  to  leave  them  in  the  hands  of  tho  mi 
while  he  himself  pursued  the  deeper  study  of  facta  and  prin 
have  rather,"  he  writes  in  1831,  "been  desirous  of  discov 
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■od  n«w  relations  dejiendimt  on  magneto-olootrio  induction  than 
tnUiiiR  ibe  force  of  those  already  obtained  ;  being  Bssured  that  the 
Is  woald  find  tbeir  fall  development  hereafter." 

Tliii  foDier  development  was  aimed  at  by  Pixii,  Clark,  Saxton, 
nd  ol^en,  wbo  caosed  magnets  to  rotate  near  coUb  of  wire,  or  eoila 
tf  «iN  niTOTUiding  iron  cores  to  rotate  near  the  poles  of  powerful 
MmI  Mgitntii  Xhe  presence  of  the  iron  cores,  ne  Bbown  by  Faraday, 
pally  JntwurifiTtTJ  the  action,  the  play  of  which  was  this : — When  the 
adh  ^pwdied  the  poles  of  the  permanent  mngnets,  currents  were 
odtai  m  one  direction :  when  they  retreated  from  the  poles,  corrents 
«Wa  girited  in  the  opposite  direction.  On  passing  a  pole,  therefore, 
armiaal  of  the  current  always  occurred  in  the  coil.  To  gather  up 
lba>  efponng  carrents,  and  send  them  in  a  common  direction,  an 
anHMaaent  called  a  commutator  was  associated  with  the  magneto- 
iilatUiU  ■Mtchine.  1  have  here  a  model  of  an  old  Saxton  machine 
•illt  wUoh  Fai*d»7  nsed  to  illustrate  what  wore  then  considered  the 
hi^gw  pbcDomeaA  of  induced  currents.  It  was  considered  a  great 
wMt  when  half  an  inch  of  exceedingly  thin  platinum  wire,  inclosed 
jk  a  glaaa  tabe  to  protect  it  from  air  currents,  was  caused  to  glow. 
1853  I  bad  the  pleasure  of  witnessing,  in  company  with  M.  Biot 
\  ProtfHKtr  Magnns,  the  performance  of  the  first  IluhmkorS*8 
whi^  yon  know  is  a  generator  of  Faraday's  electricity,  and 
iber  the  ecstasy  and  surprise  of  the  grand  old  man,  evoked 
which  we  should  now  deem  utterly  insignificant  Thus 
grows.  Forgetting,  as  it  were,  the  things  which  are  behind, 
it  Mwhaa  erer  forward  to  the  things  which  arc  before.  In  connection 
the  development  of  the  Buhmkorff  coil,  besides  Kuhmkorff 
Apfw  in  this  country,  and  Ritchie  in  America,  are  especially 
_  of  boooorable  mention. 
Far  aaoce  than  twenty  years  magneto-electricity  had  subserved  its 
and  noblest  porpoae  of  augmenting  our  knowledge  of  the  powers 
It  had  been  discovered  and  applied  to  intellectual  ends,  its 
I  to  practical  ends  being  still  to  be  realized.  The  Drummond 
thongbta  and  hopes  of  vast  improvements  in  public 
Many inventon  tried  to  obtain  it  cheaply;  and  in  1853 
I  was  mode  to  organize  a  company  in  Paris  for  the  purpose  of 
_ ,  thrtmgb  the  decoiu])ositiun  of  water  by  a  powerful  magncto- 
aiMJune  oo«istrurtcil  by  M.  Nollet,  the  oxygen  and  hydrogen 
'  fur  the  lime  light  The  ex|>«riment  failed,  but  the  apparatus 
ly  wUeh  it  «M  attempted  suggested  to  Mr.  Holmes  other  and  mora 
laM^d  aiqdiflalaaaiL  Abandoning  the  attempt  to  produce  the  lime 
B^Mt  with  paiMfwiag  ildll  Holmes  continued  to  improve  the  appa- 
■taa  ami  U>  ■ugltr^r*  its  power,  until  it  was  finally  able  to  yield  a 
light  comparable  to  that  of  the  voltaic  battery. 
hj  Jalor  knowledge,  this  first  machine  would  bo  considered 
•ad  dalwtiTe  in  the  extreme ;  but  judged  by  the  light  of 
ita,  it  marked  a  great  stop  forward. 

profoundly  intereeted  in  the  growth  of  his  own 
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diacovory.  Tlie  Elder  Brethren  of  the  Trinity  Houso 
the  wisdom  to  inako  Liiu  thoir  "  Sciuntific  Adviaer;" 
iuterostiiig  to  uotice  in  bis  reports  rcgiirding  the  light  tb 
of  cutliusiosm  mid  caution  which  cbartictcrizcd  him.  Eutbr 
with  him  a  motivo  power,  guided  and  controlled  by  iv  diacipl 
nient.  He  rode  it  as  a  charger,  holding  it  in  by  a  str 
While  dciiling  with  Holmes,  ho  states  the  Cftse  of  the  ligli 
CMi.  Ho  checks  the  ardour  of  the  inventor,  and,  as  reg 
rejecting  sanguine  CHtiniates,  be  umists  over  and  over  aga 
ueccBsity  of  continued  experiment  for  tbc  solution  of  this 
question.  His  matured  opinion  was  however  strongly  in  fav 
light.  With  reference  to  an  experiment  tande  at  tlio  SlpuIIi 
on  the  20th  of  April,  1859,  he  thus  exjircssos  himself: — "T 
of  the  light  was  wonderful.  At  a  niilo  oft",  the  apparent 
light  issuing  from  tho  lauteni  were  twice  as  long  as  tbosc 
lower  lighthouse,  and  a])i)areutly  three  or  four  times  as  bri 
horizontal  piano  in  which  thoy  chiefly  took  their  way  made 
or  below  it  black.  The  tops  of  tho  hills,  the  churches,  and 
illuminated  by  it  wore  striking  in  their  eflect  upon  the  eye.' 
on  in  his  report  he  espressos  himself  thus: — "lu  fulfilmi 
part  of  my  duty,  I  beg  to  state  that,  in  my  opiiiiim,  Profcssi 
has  prttctically  established  tho  fitness  and  sufficiency  of  the 
electric  light  for  lighthouse  i)urpoBee,  so  far  aa  its  natun*  an 
meut  are  concerned.  The  ligbt  produced  is  [wvverful  beyond 
that  I  have  yet  seen  so  ajijdied,  and  in  principle  may  be  accui 
any  degree ;  its  regnlarity  in  the  lantern  is  great ;  its  lai 
easy,  and  its  care  there  may  bo  confided  to  attentive  keep 
ordinary  degree  of  intellect  and  knowledge."  Finally,  aa  r 
conduct  of  Professor  Holmes  during  these  memorablo  cxpe: 
is  only  fair  to  add  the  following  remark  with  which  Farailay 
report  submitted  to  the  Elder  Bi-cthren  of  tho  Trinity  Ho 
2'Jth  of  April,  185'J  :— "  I  must  bear  luy  testimony,"  he  sayi 
perfect  openness,  candour,  and  honour  of  Professor  Holmes 
answered  every  question,  concealed  no  weak  point,  oxplai 
applied  principle,  given  ovory  reason  for  a  change  either 
that  direction,  during  several  periods  of  close  quostioi 
manner  that  was  very  agreeable  to  me,  whoso  duty  it  was 
for  real  faults  or  possible  objections,  in  respect  both  of  tl 
time  and  the  future." 

Soon  afterwards,  tho  Elder  Brctliren  of  the  Trinity  Houp 
iutolligent  courage  to  establish  tbo  machines  of  Holmes  pe: 
at  DungunesB,  whore  the  magnetu-clectrio  light  contianed 
for  many  years. 

Tlie  uiagueto-electrie  machine  of  the  Alliance  Com] 
succeeded  to  that  of  Hohues,  bL'ing  in  various  ways  a  ver 
improvement  on  tho  latter.  Its  currents  were  stronger  anc 
was  brigbtcr  than  those  of  its  predecessor.  In  it,  men 
commutator,  the  Hashing  and  destruction  of  which  were  i 
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inagakrity  and  deterioration  in  the  machioe  of  Hulmcs,  was,  at 
the  ■nggMtinii  of  H.  Maseon,*  entirely  abandoned ;  alternating 
wmamatt  iaalaad  of  the  direct  corrcut  being  employed.  M.  Serrin 
his  excellent  lamp  with  the  cxpresd  view  of  enabling  it  to 
vith  altcraating  currents.  Daring  tlie  lutcruational  Exhibition 
1862,  where  the  macbino  was  shown,  M.  ficrli<iz  offered  to 
r  of  the  inreotion  to  the  Elder  Brethren  of  the  Trinity  House. 
icfierred  the  matter  to  Furaday,  and  he  replied  as  follows: 
"I  MB  not  aware  that  the  Trinity  House  authorities  have  adTancod 
■B  fcr  at  to  be  able  to  decide  whether  they  will  require  more 
SMgaalo-alectric  machines,  or  whether,  if  they  shuuld  require  them, 
iii^  met  wanon  to  sappoae  the  means  of  their  supply  in  this  country, 
team  Uta  aooroe  alreiuly  open  to  them,  would  not  bo  sufficient. 
I  do  not  sec  that  at  present  they  want  to  purchase  a 
Fataday  was  obviously  swayed  by  the  desire  to  protect 
of  HolaMS,  who  had  borne  the  burden  and  heat  which 
fdl  Spoil  the  pioneer.  The  AlUouco  machines  were  introduced  with 
noeaM  at  Gape  la  Here,  near  Havre  ;  and  the  Elder  Brethren  of  the 
Tnaitj  Boimo,  determined  to  have  the  best  available  appnratutt, 
d«iilwl,  in  1868,  on  the  introduction  of  machines  on  the  AUianee 
>  iaio  the  lighthouses  at  Sontor  Point  and  the  S<^uth  Foreland. 
»  were  constructed  by  Professor  Holmes,  and  they 
~kBSi  «wMtinao  in  operatiou.t 

Am  their  present  scientific  adriscr,  the  Elder  Brethren  did 
hoBoor  of  asking  my  opinion  as  to  the  course  which  they 
lo  pursue  with  regard  to  the  introduction  of  these  new 
That  opinion  is  expressed  in  the  following  extract  from 
aMpoct  dated  Hay  16th,  1868:  "There  is  no  doubt  that  elec- 
Iriaify  places  at  the  disposal  of  the  Elder  Brethren  a  source  of 
tf^  Best  to  the  sun  itself  in  ix>wcr,  and  for  transcending  any 
Ggkl  ul>t«inable  from  the  combustion  of  oil.  With  regard  to  the 
fnctical  afiplicatiou  of  the  magneto-electric  light,  the  question,  in 
ny  maiiiiai,  has  beau  solved  by  the  performance  of  the  nmchiuo  at 
Oli^aBeaa.  That  machine  was  one  of  the  first,  if  not  the  very  first, 
•nrindad  with  a  view  to  lighthouse  illumination.  Defects  inherent 
ie  fnt  ooMtraotions  were  aaeociatcil  nnth  the  machine.  If,  notwith- 
defeota,  8omo  of  which  were  very  grave,  the  intermp- 
hav*  been  so  few,  it  may  be  safely  inferred  that  with  our 
dxpericncc,  and  with  the  improved  ajqMkratns  now  within 
«r reach,  t"  'iiimnou  of  the  magneto-electric  machine  maybe 

|i:  .   jM-rfoct.     It  is  with  the  profoiuid  conviction  timt 

in  a  wise  one  that  I  learn  the  intention  of  the  Kldor 


the 


■  Dm  MaeTCl.  'rCleelriritA,'  Aor.  IS1».  y.  ISO. 

t  Tka  akoliiCDetrfe  niats*  of  llie  ligbu  pnxlucMl  bjr  thi-oc  niaohintM  were 
ABvatoad  It;  Mr.  I>ua|cla«.  «h<i«e  iii<«iiiir>>mi'iiU  uliuvrnl   timl  limy  f>'\\  (nr 
WW  Um  Mirnfinl  [xwrr.     A  new  and  vi-ry  iKiwitfiil  iiuii'liinr  luinK  imnnrtwl 
M,  Mr.  Uolniv*  «••  n-qiiJR'd  mi  t<>  >ii\'nglbtu  Uut  iimgnuUi  «•  U>  luukv  bi« 
t  Of  aal  tu  llmie  «f  the  "  Allisuci'." 
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Brethren  to  introduco  this  poworfnl  soarco  of  iUuminat 
its  recent  improTemcnts  at  certain  prominent  points  on 
Engluid."  With  regard  to  the  application  of  eleotrici 
house  purposes,  the  course  of  events  was  this  :  The  Don 
was  introduced  on  January  31,  1862;  the  light  at  I 
Deoember  26,  1863,  or  nearly  two  years  later.  But  F 
pcrimcntal  trial  at  tlio  South  Foreland  preceded  the 
Dungeuess  by  more  than  two  years.  The  electric  ligh 
wards  cstaklisliod  at  Capo  Grisnez.  It  was  started  at  Son 
January  11,  1871;  and  at  tho  South  Foreland  on  Janu 
At  tho  Lizard,  which  probably  enjoys  the  newest  and  cm 
development  of  the  electric  light,  it  began  to  shine  on  Joni 

I  have  now  to  revert  to  a  point  of  apparently  small  i 
which  really  conBtitutes  an  important  step  in  tho  develop] 
subject.     I  refer  to  the  furm  given  to  the  ruttvting  arraaturi 
Dr.  Werner  Siemens,  of  Berlin.     Instead  of  employing 
transversely   round  cores   of   iron,   as  in   tho  machine 
Siemens,  after  giving  a  bar  of  iron  the  proper  shape,  woi 
longitudinally  round  it,   and  obtained   thereby  greatly 
effects  between  suitably  placed  magnetic  poles.     Such  an 
employed  in  tho  small  magnoto-clectric  machine  which  '. 
dnce  to  your  notice,  and  for  which  tho  Institution  is 
Mr.  Henry  Wilde,  of  Manchester.     There  are  here  sixtoei 
horse-shoe  magnets  placed  parallel  to  each  other,  and  b 
poles  a  Siemens'  armature.     Tho  two  ends  of  the  wire 
rounds  the  armature  are  now  disconnected.     In  turning 
ond   causing  tho  armature   to  rotate,  I  simply  ovorcon 
mechanical  friction.     But  the  two  ends  of  the  armature 
united  in  a  moiueut,  and  when  this  is  done,  I  immed 
rience  a  greatly  increased  resistance  to  rotation.     Sun 
and  above  the  ordinary  friction  of  tho  machine  is  now 
come,  and  by  tho  expenditure  of  an  additional  amount 
force  I  am  able  to  ovorcomo  it.     The  excess  of  labour  ( 
upon  my  arm  has  its  exact  equivalent  in  the  electric  cur 
ated,  and  the  heat  produced  by  their  subsidence  in  the 
armature.     A  portion  of  this  heat  may  be  rendered  visi 
nocting  the  two  ends  of  the  coil  with  a  thin  platinum  w 
the  handle  of  the  machine  is  rapidly  turned  the  wire 
with  a  red  hoot,  then  with  a  white  hoat,  and  finally  with 
fusion.     Tho  moment  tlio  wire  melts,  tho  circuit  round  t' 
is  broken,  an  instant  relief  from  the  labour  thrown  upon  th 
the  conscquouee.     Clearly  realize,  I  beg  of  you,  tho  equiv 
light  here  developed.     During  tho  period  of  turning  tht 
certain  amount  of  oombustiblo  substance  was  oxidized  or  1 
mueclca   of  my  arm.      Had  it  done  no  external  work, 
consumed  would  have  prwluutsl  a  definite  amount  of  heat, 
muscular  heat  actually  developed  during  the  rotation  of  t 
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ML  ilMwt  of  tlua  defiiiite  amonnt,  tLo  miaeing  heat  being  rcprtxiaced 
It  At  laa(  fraction  in  Iho  glundng  platinain  wire  and  the  other  ports 
«C  Ike  wwtiine.  Here,  then,  the  electric  current  interrenca  between 
•nd  the  geuer»ted  heat,  exactly  as  it  did  a  moment  ago 
the  Toltaic  batterj  and  its  generated  heat.  The  electric 
IB  to  all  intents  and  porposes  a  Tehiole  which  transports  the 
both  of  moacle  and  battery  to  any  distance  from  the  hearth 
the  fod  is  oonaamed.  Not  only  is  the  current  a  messenger, 
it  is  elso  ao  intensifier  of  magical  power.  The  temperature  of 
■gr  ■cm  IB,  in  roond  numbers,  100"  Fahr.,  and  it  is  by  the  inteusifi- 
of  thia  beat  that  one  of  the  most  refractory  of  metals,  which 
•  heat  of  3600'^  Fahr.  to  fuse  it,  has  been  reduced  to  the 


Snc^  B8  I  hare  said,  is  a  fuel  far  too  expensive   to   permit 
vt  the  electric  light  produced  by  its  combustion   being   used   for 
imrpoMB   of  life,   and   yon    will   readily  perceive   io 
lo  oar  laat  experiment  that  the  human  muscles,  or  even 
of   a   horse,   would    be   also   very   expousivo.      Hero, 
we  can   employ  the    force   of   burning   coal    to  turn  onr 
Bud  it  is  this  employment  of  onr  cheapest  fuel,  rendered 
by  Faraday's  discovery,  which  opens  out  to  as  the  prospect  of 
;  aide  to  apply  the  electric  light  to  public  use. 

1866  a  great  step  in  the  intensification  of  indaced  currents, 

the  oanaeqaent  augmentation  of  the  magneto-electric  light,  was 

I  bj  Mr.  Henry  Wilde.     It  fell  to  my  lot  to  report  upon  them  to 

^Bojal  Society,  but  before  doing  so  I  to<^ik  the  trouble  of  going 

to  witness  Mr.  Wilde's  experiments.     He  operated  in 

f,  alaiting  from  a  small  machine  like  that  workeid  in  your 

I  B  moment  ago,  he  employed  its  current  to  excite  on  electro 

of  B  peculiar  shape,  between  whoso  poles  rotate<l  a  Siemens' 

"  from  this  armature  currents  were  obtained  vastly  stronger 

I  generated  by  the  small  magneto-electric  machine.     These 

ate  might  have  been  immediately  employed  to  produce  the  electric 

■{  bat  iaateadof  this  they  were  conducted  round  a  second  oloctro- 

_     >  of  TMt  sice,  between  whoso  poles  rotated  a  Siemens'  armature 

— irw|iiiiiidiiig    dimensions.      "Three    armatures    therefore    were 

li«d  in    this   aeries   of   operations ;    first,  the  armature   of   the 

~  Bagneto-electric  machine ;  seconiUy,  the  armature  of  the  first 

which   was   of  considerable   size ;    and  thirdly,  the 

I  of  the  Moond  electro-magnet,  which  was  of  vast  dimensions. 

the  onmntB  drawn  from  this  thinl  armature  Mr.  Wilde  ob- 

,  both  BB  regards  heat  and  light,  enormously  transcending 

I  pnmooBljr  kiiowD.t 
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But  tbe  discovery  which,  ubovo  all  others,  brought  th< 
question  to  the  frout  is  uuw  to  be  considered.  Ou  t 
f  February,  1867,  a  pupur  was  rt>ooivcd  by  the  lioyal  Sot 
Dr.  William  Stomcus  tearing  tbe  title, ''  On  the  conversiou  o: 
intij  Eluctriail  Force  without  the  use  of  Pormancut  Mag 
Ou  tho  11th  of  February  &  itajicr  from  Sir  (.'barles  Wliea 
rocoivi'd,  bearing  tlio  title,  "  Ou  tho  augmentation  of  tho  P 
Magnet  by  tlic  reaction  thereon  of  Curreuts  induced  by  tl 
itself."  Both  jiapurs,  which  dealt  with  the  same  discoveiy, 
were  illiistratod  by  cxperimonta,  wore  read  upou  the  same  uij 
the  14th  of  February.  It  would  be  difficult  to  find  in  the  i 
«>f  science  a  more  beautiful  examide  of  the  interaction  > 
forces  tliau  that  set  forth  in  tliosu  two  papers.  You  can  b 
a  bit  of  iron — you  cin  hardly  pick  u[)  an  old  horse-shoo,  fc 
— that  docs  not  pusseBS  a  trace  of  })ermauciit  magnetism ; 
such  small  beginnings  Siemens  and  Wbeatstoue  have  tan 
rise  by  a  series  of  iiiterikctions  between  magnet  and  anU 
uiagnotic  intensity  previously  uimpproachod.  Conceive  th< 
armature  placed  between  tho  poles  of  a  suitahlo  elect: 
Suppose  this  latter  to  possess  at  starting  the  faiutesl 
magnetism ;  then  when  tho  armature  rotates,  currents 
tesiinal  strength  are  gencmted  in  its  coil.  Let  tho  ends  o) 
bo  oonnocted  wit!)  tho  wire  surrounding  the  oloctro-niog 
iiifiiiitesimal  current  generated  iu  the  armature  will  ther 
round  tho  iiiagnet,  augiueuting  its  intensity  by  an  in 
amoinit.  Tlie  sti'engtlieued  luagnct  instantly  reacts  upoi 
which  feeds  it,  producing  a  current  of  greater  strength.  Tl 
again  passes  round  tho  magnet,  which  immediately  brings  iti 
power  to  bear  upon  tho  coil.  By  this  play  of  mutual  giv 
between  magnet  and  armature,  tbe  strength  of  tho  foiTnei 
in  a  very  brief  interval  from  almost  nothing  to  complete 
saturation.    Such  a  magnet  and  armature  are  ablo  to  prudnc 

WUH  bripfly  exprenod  in  n  roport  to  tin-  Elder  Brethrrn  nf  tho  Trinit 
till-  !7tli  uf  May,  IStiO:  "It  gives  uie  pkasuro  t*i  Btiitc  Unit  the 
cxceciliunly  effeoiivo,  ou<i  that  it  far  trausxxuds  in  power  all  olUcr  i 
tho  kiiia." 

•  A  paper  cm  Uic  same  mibject,  hy  Dr.  Wi-rner  Siemens,  whs  tcnA 
of  Jiiiiimiy,  IS07.  before  lUe  Acfulmny  n{  Scicucca  in  Berlin.  In 
*  Kngiiietriiip,'  No.  022,  p.  4.i.  Mr.  Uolmrt  8Hl>iiiii  ntnivn  tlmt  Profe 
stone's  uinoliiiieii  were  winntriu'letl  by  Mr.  8troh  iu  tliu  inontlis  c, 
August,  IStJii.  I  do  imt  iloiibt  Mr.  Saliiiie's  utiitctmiit ;  still  it  wo 
jliroua  ia  tlio  liiglicet  ckgreo  tn  (iejmrt  froiu  llio  taiuoii,  in  asso 
Faraday  wuB  specially  lilri'iiuous.  that  tho  date  uf  a  duc«very  ia  tb< 
publiaition.  TownrdB  the  em)  of  December,  18<i6,  Mr.  Alfred  Viirle} 
a  jimviainu.al  sfiecificalion  (wliii-h,  I  believe,  i»  n  tealud  documeul)  en 
priueipleu  uf  tlie  ilynaiiio  ilcctiit'  miifliiuo,  but  smiie  yuii-s  eliijiHod  l>e( 
ttuylliiiip  [Hiblie.  Ilia  brollur,  Mr  CriuivvoII  Vftrley.  ubeii  vsritiii);  on 
ill  1!>G7,  dine  not  mciitioii  iiilii  (*  Proo.  Roy.  Soo..'  Miireli  H,  IStJT). 
iiinrkH  u  iintioiiitl  Iniit  Umt  Htiilid  oiuniuiiioiilioiiK,  llionftU  itlli,w(Kl 
have  never  been  rvcojjnized  by  the  ecieutiflc  sociutiui)  of  Kugliuiil. 
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gf  estnordinary  power,  and  if  an  electric  lamp  be  introduced  into  tho 
circuit  of  nL&giiet  and  annatoro,  we  cau  readily  obtain  a 
powerful  light.*  By  this  discovery,  then,  we  are  cuubled  to 
tbe  tromble  and  oxpense  involved  in  the  employmeut  of  per- 
magnete ;  wo  are  alao  enabled  to  drop  the  exciting  magncto- 
deetnc  machine,  and  the  duplication  of  the  electro-magriots.  By  it, 
m  riuri,  Uie  electric  generator  i^  so  far  Bimpliticd,  aud  reduced  iu 
eort,  aa  to  enable  electricity  to  enter  tho  lists  as  the  rival  of  oar 
pMMHit  meaaa  of  illuininatiou. 

Soon  after  the  annoancemcnt  of  their  discovery  by  Siomeus  and 
Wkeatatone.  Mr.  Uuhuea,  at  the  instance  of  the  Elder  Brethren  of 
Trinity  Honae,  cndcavoored  to  tnm  tho  discovery  to  account. 
iy,  in  the  spring  of  1869,  he  had  constructed  a  machine  which, 
hampered  with  defects,  exhibited  extraordinary  power.  Tho 
ht  waa  developed  in  the  focus  of  a  dioptric  apjiumtus  placed  on  the 
rriaitj  Wharf  at  Black  wall,  and  witnessed  by  the  Elder  Brethren,  their 
r,  and  myself,  from  an  observatory  at  Charlton,  on  tho  oppo- 
I  of  the  Thames.  Falling  npon  the  suspended  haze,  the  light 
the  atmosphere  fur  miles  all  round.  Anything  bo  snn- 
in  ■plendoiir  had  not,  I  imagine,  prerionsly  been  witnessed.  The 
iMoeaaary  to  bring  a  machine  of  tho  kind  to  perfection  was 
■trildngly  illnstrated.  It  required  a  year  of  work  aft4.-r  its  first 
performance  to  render  the  action  of  tho  machine  secure. 
i«  ten  electro-magnets  and  twenty  helices  iu  o{>oration, 
of  tlie  latter  being  used  to  excite  the  electro-magnets,  and  the 
sixteen  to  develop  the  currents  used  for  tho  light.  When 
Iftnnm  into  actioa  the  strain  produced  by  the  mutual  attraction  of  the 
waa  ao  great  as  to  endanger  the  stability  of  the  machine,  aud  to 
tkia  de&et  it  was  many  times  takeu  asunder  aud  constructed 
The  madtiDe  was  sabjected  to  very  severe  scrutiny  at  Black- 
Mr.  Ayros  watching  it  constantly  day  and  night  during  a  con- 
Bomber  of  trials.  Defects  were  revealed  and  removed, 
t  faal  raaolt  being  expreeaed  in  the  following  brief  extract  from  a 
(Bport  which  I  had  the  honour  of  submitting  to  tho  Elder 
Febmary  21,  1870:  "I  think  the  exi)eriments  prove  that 
«iUi  •  dae  and  by  no  means  oxcoesivo  amonnt  of  care,  the  dynoiuo- 
•iHlrioaBgiiie  of  Mr.  Holmes  may  bo  worked  in  a  satisfactory  manner. 
With  ngard  to  the  stability  of  tho  internal  pcirtious  of  the  machine, 
il  ia  iwthar  a  qneation  for  your  eugiuccr  (Mr.  Donglass)  thou  for  me. 
tAa  atrataa  ami  proaaurca  within  the  machine  may  be  very  great,  and 
|mt«  a  oorreapouding  strength  of  construction  to  cope  witli 
this  ia  the  reason  why  tho  machine  has  l)een  so  often 
Mr.  Hohnes  seems  to  have  spared  no  pains  to  render 
■Mara,  and  no  sign  of  weakness  has,  to  my  knowledge, 
~  itai^  daring  tho  late  trials." 

'  r  L*ild  inlmlund  tbe  modilleatton  of  dividing  tlio  nniiatiiro  into 
[mt^Vu  rr«u,  oDiB  vi  «kkli  M  Um  alactlo-BiaKDeU,  while  ihc  other  yieUol 
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As  rogardg  ligUthouse  illumination,  tbe  next  etcp  fc 
taken  by  the  Elder  Bretbron  of  the  Trinity  House  ii 
Having  previously  decided  on  the  cstablisbmont  of  tbo  oleof 
tbe  Lizard  in  Cornwall, they  institvited  at  the  time  rtferred  1 
rate  series  of  comparative  experiments  wberoin  tbe  mocbinos 
of  tbe  Alliance  Company,  of  Siemens,  and  of  Gramme,  ' 
against  each  other.  The  Siemens  and  tbo  Gramme  macbini 
direct  curruntB,  while  those  of  Holmes  and  tbe  Alli[vnc< 
doUvereil  alternating  currents.  Tbe  liglit  of  tbo  latter 
same  intensity  in  all  azimuths ;  that  of  tbo  furmor  was 
different  azimuths,  the  discbarge  being  so  rognloted  as  to  y 
of  light  of  special  intensity  in  one  dlroction.  The  following 
in  standard  candles  tbo  performance  of  tbe  respective  mocl 

Naxnei  uf  Modilncs.  Muxlmum.  Mi 

Holrac* 1523  ..  ..  1 

Alliftiico       1953  ..  ..  1 

(imiiiiuo(No.  1)         eCtiS  ..  ..  i 

Uriiinmu  (No.  2)        6663  ..  ..  1 

SicinciiB  (Lurgu)         14818  ..  ..  i 

Biumt-ns  (Small.  N...  1)     5539  ..  ..  J 

Sitwi-na  (Small,  No.  2)      6864  ..  ..  i 

Two  llolmt'a's  cnujikd      2811  ..  ..  i 

Two  Gramnio'eCNoB.  1  ami  2)..      ..  ]13!»6  ..  ..  < 

Two  8iciueDB'(No8.lBO(l  2)  ..      ..  14134  ..  ..  t 

These  determinations  were  mode  by  Mr.  Douglass  the  e 
chief,  and  Mr.  Ayres  tbe  assistant  engineer  of  tbe  Trii 
It  is  practically  iuiposaiblo  to  compare  pbotometrically  a 
tbe  flame  of  a  caudle  with  these  sun-like  lights.  A  ligl 
mediato  intensity— that  of  tbo  six-wick  Trinity  oil  lamp- 
fore,  ill  tbo  first  instance,  compared  with  the  electric  1 
candle  power  of  the  oil  lamp  being  afterwards  dctcrmiiiod,  t! 
of  tbe  electric  light  became  known.  Tbe  nombora  gi 
tivblo  prove  tbe  sujioriority  of  the  Alliance  machine  u' 
Holmes.  They  prove,  for  tlio  resistanocs  involved,  tbe  great 
both  of  the  Gramme  machine  and  of  the  small  Siemens  m 
the  Alliance,  while  tlio  largo  Siemens  machine  is  shown 
liglit  for  exceeding  all  tbo  others.  The  coupling  of  twc 
or  of  two  Siemens  together,  wliich  waa  first  suocesafu 
plisbcd  at  tbe  South  Foreland,  was  followed  by  a  very  grc 
tatiou  of  tbo  light,  rising  in  tbo  one  case  from  G6G3  candle 
and  in  tbe  other  case  from  G8G4  candles  to  14,134.  After  1 
which  was  couductc^l  throughout  in  tbo  most  amicab! 
Siemens  mocbines  of  tbe  smaller  type  wore  chosen  for  tbe 

Wo  bare  mociiinos  capable  of  sustaining  a  single  lig! 

*  Ar  the  ro«uH  of  a  recuut  trial  by  Mr.  Schwondlur,  tbe;  ha 
cboecu  fur  India. 
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I  capable  of  BUstaining  seyeral  lights.  Tho  Gramme  mocbino, 
far  emnple,  which  ignit«8  tho  JabloobkolT  cauiUce  on  tho  Thames 
iBhukment  and  at  the  Holbom  Viadact,  delivers  four  currents,  each 
lowing  throogh  its  own  circuit.  In  each  circuit  ore  five  lamps  through 
~*^'\  the  current  belonging  to  the  circuit  passes  in  succession.  The 
ootreepoad  to  eo  many  recasting  spaces,  over  which,  as  already 
Bed,  the  current  has  to  leap ;  the  force  which  accomplishes  the 
J  Ikaing  that  which  produces  the  light.  Whether  tho  current  is  to 
ba  eaia|ie(ent  to  pass  through  five  lamps  in  succession,  or  to  sustain 
oalr  a  ciagla  lamp,  depends  entirely  upon  the  will  and  skill  nf  tho 
■aker  at  the  machine.  Ho  has,  to  guide  him,  definite  laws  laid  down 
kalf  a  eentnry  ago,  by  which  ho  mast  abide. 

^m  liaa  taught  us  how  to  arrange  the  elements  of  our  battery  so 
■a  to  magfmeai  indefinitely  its  electro-motivo  force.  Wo  have  only  to 
Uak  it>  oeOs  together  so  that  the  current  generated  by  each  shall 
fttm  through  all  the  others,  and  add  its  electro-motive  force  to 
that  of  all  the  othera.  We  increase,  it  is  true,  at  the  same  time  tho 
of  the  battery,  diminishing  thereby  the  quantity  of  the 
it  from  each  cell,  but  wo  augment  the  power  of  tho  integrated 
to  oreroome  external  hindrances.  Tho  battery  resistance 
f,  iwAwwi,  be  rendered  so  great  that  tho  external  resistance  shall 
ID  eompariaon.  What  is  here  said  regarding  the  voltaic 
is  eqoally  tme  of  magneto-elcotric  machines.  If  wo  wish  our 
to  leap  orer  Sts  intervals,  an<l  pro<luce  five  lights  in  succes- 
B  auMt  invoke  a  sufficient  electro-motive  force.  This  is  done 
bj  mnltiplying,  by  the  use  of  thin  wire,  the  convolutions  of 
■liaff  armature  as,  a  moment  ago,  we  augmented  the  colls  of 
oar  Tottaio  Battery.  Each  additional  oonrolution,  like  each  additional 
vtUf  addi  ita  eleeteo-uotivo  forco  to  that  of  all  the  others;  and  though 
il  alao  adda  ita  roaistance,  thereby  diminishing  the  quantity  of  current 
nboled  by  each  convolution,  tho  integrated  current  becomes 
with  the  power  of  leaping  across  the  successive  spaoes 
for  the  production  of  a  series  of  lights  in  its  course.  The 
,  on  the  uthor  hand,  which  produce  only  a  single  light  have 
a  aaall  ■ntww^l  reaistanoe  aoaoeiated  with  a  small  electro-motive 
iMOa.  In  anch  machinea  the  wire  of  the  rotating  armature  is  com- 
imlivBlf  short  and  thick,  copper  riband  instead  of  wire  being 
employed.  Such  maohines  deliver  a  large  quantity  of 
of  low  tension — in  other  words,  of  low  leaping  power. 
oampetant,  when  their  power  is  converged  upon  a 
ifagb  JBlainl.  to  prodnoo  one  splendid  light,  their  currents  are 
aSl*  to  Ibtaa  a  paaaaco  when  the  number  of  intervals  is  increased. 
bgr  aoipaaBtiag  the  oonvolntious  of  our  machines  we  saorifioe 
itjaad  fain  elaetKMnotive  force ;  while  by  lessoning  the  number 
fljf  IhtMBWlflliMWa  we  aaerifioe  electro-motivo  force  and  gain  quantity. 
WtaAvm  oaght  to  choose  the  one  form  of  machine  or  the  other 
jMais  flBltnly  npoa  the  external  work  it  has  to  perform,  If  tho 
ck^Ml  ba  to  obtain  a  nnglo  light  of  great  splendour,  machines  of  low 
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rcsistanco  and  large  qunntity  mnst  bo  employed.  If  wo  wj 
in  the  same  circuit  Boverol  lights  of  moderate  intensity, 
high  internal  resistance  and  of  correspondingly  high  el 
power,  must  bo  invoked. 

When  a  coil  of  covered  wire  surroTindB  a  bar  of  iron,  \ 
of  tho  ci>il  being  connected  together,  every  alteration  of  th 
of  tho  bar  is  occompaniod  by  the  development  of  an  indi 
in  tlio  coil.  The  current  is  only  excited  during  tho  period 
change.  No  matter  liow  strong  or  how  weak  the  iiiagnt 
bar  may  be,  as  long  as  its  condition  romaiiis  permanent  o 
developed.  Conceive  the  pole  of  n  magnet  placed  near  oi 
bar  to  be  moved  along  it  to  the  othor  end.  During  the 
pole's  motion  there  will  bo  an  incessant  change  in  the  n 
the  bar,  and  accompanying  this  change  wo  shall  have 
current  iu  tho  surronniling  coil.  If,  instead  of  moving 
wo  move  the  bar  and  its  surrounding  coil  jiast  tho  mo 
a  similar  alteration  of  tho  magnetism  of  the  bar  will  o 
similar  current  will  be  iiuluccd  in  tho  coiJ. 

You  have  horo  tho  fundamental  conception  of  M.  Gn 
led  to  tho  construction  of  his  beautiful  machine.*  He  aim 
continuous  motion  to  each  a  bar  as  wo  havo  here  doscril 
this  purpose  ho  bent  it  into  a  continuous  ring.  By 
mechanism  ho  caused  the  various  parts  of  the  ring  to  pat 
Bion  close  to  tho  jiolos  of  a  horse-shoo  magnet.  Tho  dire 
current  varies  witli  the  motion,  and  with  the  character  < 
enoing  pole,  the  result  being  that  tho  curreuts  in  tho  two 
of  tho  coil  surrounding  tho  ring  flow  in  opposite  directii 
is  easy  by  a  suitable  mechanical  arrangement  to  conducl 
from  the  places  where  they  meet,  and  to  cause  them  to 
same  direction.  Tho  first  machines  of  Gramme,  therofoi 
direct  currents,  similar  to  those  yielded  by  tho  voltai 
Gramme  subsequently  so  modified  his  machine  as  to  pr 
nating  currents.  Such  alternating  machines  are  employee 
the  lights  now  oihibited  on  the  Holborn  Viaduct  and 
Embankment. 

Another  machine  of  great  alleged  merit  is  that  of 
It  resembles  in  shape  a  toothed  iron  wheel,  the  teeth 
as  cores  round  which  are  wound  coils  of  copper  wire.  1 
caused  to  rotate  between  the  poles  of  powerful  elcctro-m 
imssing  each  pole  tho  core  or  tooth  is  strongly  magi 
instantly  evokes  in  tho  surrounding  coil  an  induced 
corresponding  strength.  Tho  currents  cicited  in  apprt 
retreating,  and  in  passing  different  poles  flow  iu  opp 
tions,   but  by   means   of   a   commutator   these    couflicti 


•  'Oomptee   IJendus,"   1871 
mRChinc,  '  Ann.  cle  Cliein.  et  do  P 
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arc   gathered   np   and  caused   to   flow  in  a  common  bed. 

'  The  hobbins  in  which  the  cmrente  are  induced  can  be  so  angmonted 

is  nnmber  as  to  augment  indcfinitolj  the  power  of  the  machine.     A 

of  toothed  wheels,  for  example,   maj  be  fixed  on   tlio  same 

,  each  wheel  aod  its  bobbinfi  rotating  between  their  own  pair  of 

io  poloB.     In  the  larger  machines  of  M.  Loutin,  the 

of  the  iron  teeth  which  constitntc  the  cores  face  corrcspond- 

:  bdioea  and  cores  llxe<l  to  on  exterior  iron  ring.     In  this  dispo- 

the  bobbins  of  the  rotating   wheel  are  the  electro-magnets, 

larinla  the  bobbins  attached  to  the  ring  arc  those  from  which  tho 

tindaeed  corrents  are  drawn.     By  conpling  the  bobbins  together  in 

I  w«y8  thej  can  bo  nnited  so  as  to  famish  a  single  cnrrent,  or 

'to  foaidi  a  number  of  distinct  currents  which  may  be  regarded  as 

Iractioos  of  tho  whole  current.     To  excite  his  electro-magnets,  M. 

Loatin    applies   the   principle   of  Mr.   Wilde.      A    small    machine 

a  direct  cnrrent,  which  he  carries  round  the  electro-mngnets 

[*l»  WBBoaA  and  larger  machine.     Wilde's  principle,  it  may  be  added, 

lalao  ^plied  on  the  Thames  Embankment  and  the  Holbom  Viaduct; 

Gimmme  machine   being  used  in  each  cose  to  excite  the 

aetB  of  the  large  one. 

Tbe  Fanner- Wallace  machine  is  also  an  apparatus  of  great  power. 

Ik  fwrint*  of  a  combination  of  bobbins  for  induced  currcntf>,  and  of 

-iaJaring  electro-magnets.      The  latter  are   excited  by  the  method 

Irfiieofattad  by  Siemens  and  Wheatstone.     In  the  machines  intended 

libr  tbe  pinduction  of  the  electric  light,  the  electro-motive  force  is  so 

I  to  permit  of  the  introduction  of  several  lights  in  tho  same 

[•■nail.     A  pecoliarly  novel  featore  of  the  Farmer- Wallace  system  is 

Liba  dia^  of  tho  carbons.     Instead  of  rods  large  plates  of  carbon, 

berelled  edges,  are  placed  one  above  tho  other.     The  electric 

from  edge  to  edge,  and  shifts  its  position  according 

ibo  cvboa   is   dissipated.     The  plates  are  kept  at  tho   proper 

mput  by  an  automatic  electro-magnetic  arrangement.     The 

of  the  light  in  this  case  far  exceeds  that  obtainable  with 

I  ToitL.     I  have  myself  seen  four  of  these  lights  in  tho  same  circuit  in 

JCr.  I^dd'a  workshop  in  tho  City,  and  they  are  now,  I  believe,  em- 

\  fiofoi  at  the  Liverpool  Street  Station  of  tho  Metropolitan  Railway. 

I  n*   Fanner- Wallace  "  quantity   machine "   poors  forth  a  flood  of 

alaetridty  of  low  tension.     While  nnablo  to  cross  the  interval  nocos- 

I  mtj  for  the  prodnction  of  a  single  electric  light,  it  can  fuse  thick 

When  tlio  current  is  sent  through  a  short  bar  of  iridium, 

I  wrfrartory  metal  emits  a  light  of  extraordinary  splendour.* 

Tba  machine  of  H.  de  Meritcus,  which  ho  has  generously  brought 

'  firoai  Paria  for  oar  iustructiou,  is  the  newest  of  all.     In  its  con- 

ba  fidla  back  npon  tho  principle  of  tho  magncto-clcctrio 

,  anplojing  pennanent  magnotB  as  tho  exciters  of  the  induced 


*  na  triAiim  Udrt  wm  ahown  by  Mr  Tjuld. 
«f  lb*  Bnr*>  Iiwiiliitlnii 


It  brill  iftnlly  iUnminutvd  tho 
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currents.  Using  the  ningncts  of  tlic  Alliance  Company,  b; 
diBpoBition  of  liis  lu)bbins,  M.  do  Mdritous  pnxlucos  v 
magnets  a  light  equal  to  that  pnxluced  by  furty  magn' 
Alliance  machines.  While  the  space  occupied  is  only  one 
cost  is  little  more  than  one-fourth  that  of  the  latter, 
Moritcns  machine  the  commutator  is  abolished.  The  inten 
hardly  Bonsible,  and  the  absfffption  of  power,  in  relation  to 
produced,  is  smalL  With  his  larger  machines  M.  do 
maintains  a  considerable  number  of  lights  in  the  same  circu 

In  relation  to  this  subject  invontors  fall  into  two  ol 
contrivers  of  regulators  and  tlio  constructors  of  machines, 
mechanicians  of  the  former  class  already  mentioned  may 
Browning,  Siemens,  Carri.^,  Gramme,  Lontin,  Achereau, 
Rapicff  has  hitherto  belonged  to  the  inventors  of  rcgiilat 
have  reason  to  know  that  he  is  engaged  on  a  machine  wl 
complete  will  place  him  in  the  other  doss  also.  Instei 
single  carbon  rods,  M.  Kapielf  employs  two  pairs  of  rods, 
forming  a  V.  The  light  is  produced  at  the  common  juncti 
four  carbons.  The  device  for  regulating  tho  light  is  of  thi 
character.  At  tho  bottom  of  the  stand  which  supports  th 
are  two  small  electro-magnets.  One  of  them,  when  the  cutk 
draws  the  carbons  together,  and  in  so  doing  throws  itsi 
circuit,  leaving  the  control  of  the  light  to  the  other.  Tt 
are  caosed  to  approach  each  other  by  a  descending  weight  \ 
in  conjunction  with  tho  electro-magnet.  Through  the  lib 
the  proprietors  of  the  TtTiict  every  facility  has  been  giv 
Hapieff  to  develop  his  invention  at  Printing  House  Squi 
illumination  of  the  press-room,  which  I  had  the  pleasure  of  w 
under  the  guidance  of  M.  Rapieff  himself,  is  oxtremoly  effe 
agreeable  to  the  eye.  There  are,  I  believe,  five  lamps  in 
circuit,  and  the  regulators  are  so  devised  that  tho  oxtinctii 
lamp  does  not  oompromiso  the  action  of  the  others. 

Many  other  inventors  might  here  bo  named,  and  fresh 
daily  crowding  in.  Mr.  Wcrdermann  has  been  long  know; 
nection  with  this  subject.  Employing  as  negative  carbon  a 
as  positive  carbon  a  rod,  he  has,  I  am  assured,  obtained  very  sa 
results.  The  small  resistances  brought  into  play  by  his  ro: 
enable  Mr.Werdormauu  to  introduce  a  number  of  lamps  intc 
traversed  by  a  current  of  only  moderate  electro-motive  po 
Ecynier  is  also  tho  inventor  of  a  very  beautiful  little  lamp, 
the  point  of  a  thin  carbon  tad,  properly  adjusted,  is  cnuset 
the  circumference  of  a  carbon  wheel  which  rotates  nnden 
point.     Tho  light  is  developed  at  the  place  of  contact  of 


•  The  email  mncbine  transforms  one-aDd-n-qnarter  lioree-powcr  inl 
light,  yielding  about  1£>0<)  candles;  the  large  machine  tmiaforms 
power,  yielding  about  0OOO  candles. 
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wheeL  Again  the  positive  carbon  wastes  more  profosely  than  the 
BHjithe,  »nd  this  is  alleged  to  be  due  to  the  greater  heat  of  the 
tener.  It  oociuTed  to  Mr,  WLHiam  Siemens  to  chill  the  negative 
litilWrially,  with  the  view  of  diminishing  or  wholly  preventing  its  • 
WMta.  This  he  accomplishes  by  making  the  negative  a  hollow  cone ' 
of  copper,  and  by  ingenioiuly  discharging  cold  water  against  the 
Ulterior  of  the  oone.  His  negative  copper  is  thns  cansed  to  remain 
laed  in  space,  for  it  is  not  dissipated,  the  positive  carbon  only  needing 
eoalruL     I  have  seen  this  lamp  in  action  and  can  bear  witness  to  its 

Tfaore  is  scmething  bewildering  in  the  recent  rash  of  constructive 
.  into  this  domain  of  applied  electricity.  The  question  and  its 
yiiM|Mitla  are  modified  from  day  to  day,  a  steady  advance  being  made 
tow  sills  the  improvement  both  of  machines  and  regulators.  With 
regard  ti>  cnr  squares,  quays,  esplanades,  public  haUs,  and  other 
■iwilar  places,  I  strongly  lean  to  the  opiniou  that  the  electric  light 
will  finidly  trimnph  over  gas.  I  oiu  npt  so  sure  that  it  will  do  so  in 
oar  private  homes.  As.  however,  I  am  anxious  to  avoid  dropping  a 
woid  bere  that  could  inflnonoo  the  share  market  in  the  slightest 
4sgn«,  I  limit  myself  to  this  general  stntcmont  of  opinion. 

To  one  inventor,  in  particular,  belongs  the  honour  of  the  idea,  and 
tlw  realixation  of  the  idea,  of  causing  the  carbon  rods  to  bnm  nwny 
lake  a  candla,  It  is  needless  for  me  to  say  that  I  here  refer  to  the 
jnug  Bossian  officer,  M.  Jablnchko£  He  sets  two  carbon  rods 
upright  at  a  small  distance  apart,  and  fills  the  space  between  them 
silk  Ab  insulating  substance  like  plaster  of  Paris.  The  carbon  rods 
are  fixed  to  metallic  holders,  by  one  of  which  the  current  arrives,  and 
kf  the  other  of  which  it  pnnnnn  away.  A  momentary  contact  is 
Mliliiiibed  between  the  two  carbons  by  a  little  cross-piece  of  the 
■■■  nhataiNM  p1*oed  horisontally  from  top  to  top.  This  cross-piece 
■  iaaadiately  dissipated  or  remove<l  by  the  current,  the  passage  of 
wWdi  oooe  oatablished  is  afterwards  maintained.  The  carbons 
gndaally  waste,  while  the  substance  between  them  molts  like  the 
was  of  a  oudle.  The  comparison,  however,  only  holds  good  for  the 
•at  of  mvlttng;  for,  as  regards  the  cnrrent,  the  insulating  plaster  is 
ptMStieally  inert.  Indeed,  as  proved  by  M.  Rapieff  and  Mr.  Wilde, 
may  be  dispensed  with  altogether,  the  current  passing 
•Bt  lo  point  between  the  naked  oirbons.  M.  de  Meritens  has 
'hrooghtout  a  new  candle,  in  which  the  plaster  is  abandoned, 
•kil«  between  the  two  principal  carbons  is  placed  a  third  insulated 
rod  ef  the  aune  material.  With  the  small  do  Meritens  machine  two 
«#  thtm  caadlea  can  be  lighted  before  you ;  they  produce  a  very 
hnUiaat  effect.*  In  the  Jablochkoff  candle  it  is  necessary  that  the 
■wlkuBa  alioQld  be  consumed  at  the  Mine  rate.    Hence  the  necessity 


*  0eUl  lbs  maeblAM  nf  M.  dc  M^ritmi  »dA  the  Farmer- Wollnco  nuichine 
«■•  »mfc»J  by  aa  •seellrot  fnc-enginF.  lent  t>t  the  orrasion  by  the  Meun. 
~     ,  of  Maaehtelsr.    The  t<ieineni  machins  wm  worked  by  Mrsni. 
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for  alternating  onrronts  by  which  this  eqnal  consumption  i 
It  will  bo  soon  that  M.  Jablochkoff  has  abolished  regnlators  a 
introducing  tho  oandlo  principle  in  their  stoad.  In  my  jud, 
performance  of  the  Jablochkoff  candle  on  the  Thames  Em 
and  the  Holbom  Yiadnct  is  highly  creditable,  notwiths 
couHidorablo  waste  of  light  towards  tiie  sky.  The  Jablochk 
it  may  bo  added,  wonld  bo  more  effective  in  a  street,  w] 
light  would  be  scattered  abroad  by  the  adjacent  houses,  tl 
positions  which  thoy  now  oooupy  in  London. 

It  was  my  oustiun  some  years  ago,  whenever  I  needed  i 
(lompUcatod  uwtramcnt.  to  sit  down  beside  ite  proposed  oa 
aiul  to  talk  tho  matter  over  with  him.    The  study  of  the 
ittind  which  thia  habit  opened  out  was  always  of  the  higho 
to  mo.     I  particularly  «nt>U  remember  the  impression  mad< 
«ui  anch  oc««sitwis  by  tho  late  Mr.  Darker,  a  philosophical  i 
n«ak«r  in  Lambeth.    This  man's  life  was  a  struggle,  and  tin 
it  w»«  tH4  fiitf  to  «>t<«k.     No  matter  how  commercially  lac 
«\>rk  «|t«Mi  which  he  was  <«ga^ed  might  be,  he  would  inst 
aaivle  (Kwm  it  to  ««•<»  and  maliie  the  ideas  of  a  sdentifie 
ha^l  an  iMwnttwV  p^^wcf,  and  an  inventor's  delight  in  it 
YW  Vkto  Mr.  IVrker  |v^«!iMiw«l  the  same  pow«r  in  a  very  oo 
«Wi(iM>i\    i%t  the  iXwtiMttW  FivWKnt,  Biv^raet  Sanerwald,  t 
Ml^t  W  iMMkti^MrMl  a*  <«ttin«U  inrtanoos  of  ability  of 
;^4i  «ai«^  ^w»llah^e  a  li^nil  «>«  ^e  point  ci  errstallisatkii 
V^  a  hint.  «;rMa)«  >->f  <\wiMT««aiy  th<Mt^t  inaediately  shot 
ihsHiM.    YWt  Mr.  HAWkMK  y>wiww(»  ^is  intaatiw  powa  in  ■ 
wwMWiy  ¥0  pav^Nl  >>t  «hat  he  hw  alraadr  nooi-anplishod.    1 
yv«s>4a««Mik  to  wikDr  die  wi)«i>.MMl)ip  <(f  fiirts  and  pnncipk 
M4  to  iiys^v  ti)M«k  to  1N>^  mmI  w»c!K4e  oiaahivsitkM. 
*^>>*w  v^N»M^  «»  to  Vw  ahtlit^r  »j>  mi)vc  the  <KW.idioatod  | 
^fciv*  W  *  *^»  wnpupNi  «v«aU  W  vswamant^    It  is  pv 
*sN»  *>»  «W  Anw^iKMtj  v«-  »«  «N«s  «»}  ;«<iMiiid(«K.  )vt  fijr  ti 
><*  ^u^s^ajw^>ai  «i^!ikm«^  «»  ««»At^  »*>  a  tf^taal  atKWt 
v»s^«^^«,  a;)»vii»j(«  «ijMi»)«^  V  «Kf  «Mi«a«6(-  man. 

\  «cj(  .^<».^<a>ivt>K  V  ^ttHCMto  ^  a  «im|«le  auDMr  IE 

>^»»  '*»^A«  M>,  .>vk^;>^  »>v  >ik«^  rtt"  «h^  4«rrK«t.  and  w^Ml 
4s.^^  «,  A^.,^i^  ,v  ^>H*v<r.  /4"  xsmWHioe  to  die  jk 
\^-  '>,>•»»  %«^  V-irt  VNw  y«iv  44»A  «■  a  Wttaic  )H«wy  n 
>«\.».\y^  V  %  xvv«»».  <v»J.^  ivto  t».«f.  Kra.i)oh««  whioh*i«^ 
^  >j  ^   '^•i^  ^^v.^^A««  *-»»V  *V  r«H,s^  4«n4  M  (he  hidPtoi:^ 

>vv  VV  ^s«s  ^,.  »K  V«^;N  tN  ^^?^yw  pMSM»  flwt  tfal««i^ 
w  »N  V  .K  .sv.\„  .,  s«.v,«sM»  ^IvTr  '>t  divM)«<;  itsoK  hi 
K«,  V  ^  »vv.v»j^^  V  ,  »^o«.v.«„..v  h.^,  If  the  KraiKibos 
\.  \«>.  .  .V,  .«.^;^«..  .»v>»W><>.  '•**,»!;  A(;«nt1K  h»»tww»ii  then 
Sh  >  V  ^^♦^  wv-v*,*,  tW*  tK  ,>«>y.r.  w,w  than  half  cii 
-    '     v.vvj,    ♦v    ♦vys   y,tV     VK  irtrw  hi«  H:  <ha(  ihe  ^ 


lB^ 


nn  1^  £7«0<rMr  Lujht. 


19 


I  k  niTet«elj  proportionul  to  the  resistance.  A  clear  image  of 
1  is  derived  from  the  deportment  of  water.  When  a  rirer 
t  u  iaUnd  it  divides,  passing  right  and  left  of  the  obgtacle  and 
afttrvmrls  retmiting.  If  the  two  branch  beds  be  equal  in  depth, 
wtdtk,  and  inclination,  the  water  will  divide  itself  equally  bet(veen 
tkoB.  If  tbej  be  nnoqnal,  the  larger  qnantitj  of  water  will  flow 
ttraagh  the  mote  open  coarse.  Detaching  one  of  these  branch  wiren, 
I  ami  the  whole  corrent  from  onr  battery  through  the  other,  in  which 
a  ipiial  of  platinum  wire  is  intruduced.  The  spiral  glowR  brightly. 
I  aow  oooneot  the  second  branch,  which  also  contains  its  spiral.  The 
.  diTideB,and  the  oonseqaenoe  is  that  the  first  spiral  falls  while 
laes  in  illumination,  .\ngmcnting  the  resistance  of  either 
,  aa  additioatal  portion  of  the  current  is  thrown  npun  the  other, 
_  the  light  of  its  Rpiral.  Introducing,  instead  of  either  spiral, 
I  of  thick  copper  wire,  nearly  tho  whole  of  the  current  passes 
it,  die  glow  of  the  spiral  in  the  other  branch  falling  to 
And  as  in  the  case  of  the  water  we  may  have  an  indefinite 
■of  islands  producing  an  indefinite  subdivision  of  tho  trunk 
•o  in  the  case  of  electricity  wo  may  have  instead  of  two 
I  may  number  of  branches,  the  current  dividing  itself  among 
ia  aoootdanoe  with  the  law  which  fixes  tho  relation  of  current 


I  apply  thix  knowledge.  Suppose  an  insalatcd  copper  rod, 
which  WB  may  call  an  "  electric  main,"  to  bo  laid  down  along  one  of 
mar  ilnel%  aay  along  the  Strand.  Lot  this  ro<l  bo  connected  with  one 
tad  at  a  poworfiil  Voltaic  battery,  a  good  metallic  cimnoction  being 
■tehliahed  between  the  other  end  of  tho  battery  and  the  gos-pipee 
amtmt  tha  ■UeuL  As  long  as  the  electric  main  cuutinues  unconnected 
with  the  p*-ptpe8  the  circuit  is  incomplete  and  no  enrrout  will  flow ; 
kot  a  any  part  of  tlio  main,  however  distant  from  tho  battery,  be 
eonMBtod  with  the  adjacent  gas-pipes,  the  circuit  will  bo  completed 
ami  th*  onrrenl  will  flow.  Supposing  our  battery  to  bo  at  Charing 
Ormb,  and  onr  rod  of  copper  to  be  tapped  opposite  Somerset  House, 
a  brttch  wire  ean  bo  carried  from  tho  rod  into  the  bnilding,  the 
tmremi  pasaiog  through  which  may  be  subdivided  into  any  number 
al  aabaraiiiate  branchcx  which  reunite  aftcrwanls  and  return  through 
the  gB>-pipea  to  the  battery.  Tho  branch  currents  may  be  employed 
kt  laaao  to  vivid  inoandoscenoo  a  refractory  metal  like  iridium  or  one 
of  ita  alloys.  Ineti-otl  of  l>cing  tapped  at  one  point,  our  main  may  be 
kypod  at  une  hundrrd  points.  The  current  will  divide  in  strict 
aaBai<da&i«  with  law,  its  power  to  produce  light  being  solely  limited 
Igr  ita  alreBKth.  Tho  process  of  division  closely  resembles  tho  oir- 
1  of  the  blood ;  the  electric  main  carrying  the  outgoing  current 
BtU^  a  great  artery,  tho  gas-pipes  carrying  tlio  return  current 
■ting  a  groat  vein,  while  the  intermediate  ('ranches  represent  tho 
vonMH  VOOMb  by  which  tlic  blood  is  distributt'd  through  tho  system. 
Th  fx  tho  Batter  in  your  minds,  I  will  illustrate  the  arrangement 
«•  a  aBall  sealo.     Before  yon  is  a  battery  with  a  thick  copper  wire 
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nttacLoiI  to  one  of  Ma  onds,  while  tho  other  end  is  connoct* 
gaB-]ii|Ki  <if  tlio  Institution.  From  three  different  points  of  tl 
Mfini  l>riitich  wires  pass  into  throo  little  models  of  hou« 
till)  bmiic'lieH  are  subdivided  and.  fnniialied  with  spirals  of 
vriru.  Tito  bniuchos  reunite  afterwards  in  the  gos-pipo.  T 
braucli  curreut«  pass  through  the  houses,  they  kindle  tho 
lMn])s,  vvliii-h  f^low  with  a  soft,  white  light.  This,  if  I  ni 
nriglit,  Ih  Mr.  Edison's  proposed  mode  of  illnmination.  Th 
fort'n  is  nt  linnd.  MoUils  sufficiently  refractory  to  bear  beii 
tl)  riviil  ineaudesoenco  are  also  at  hand.  Tho  principl 
regiiUto  tho  division  of  tho  current  and  the  devclopme 
light  and  honl  uro  perfectly  well  known.  There  is  no  ro 
"  diiKMVi'ry,"  in  tho  scientific  sense  of  the  term,  but  there 
room  for  the  cxorciso  of  that  mechanical  ingenuity  which  I 
tin  tlu)  Mowing  machine  and  so  many  other  nsofnl  invent 
which  i<ngitg(\8  a  greater  number  of  minds  in  the  United  Si 
in  any  othiir  nation  in  tho  world.* 

U  is  sniuoitmoA  stated  as  a  recommendation  to  the  elect 

UihI  it  is  light  withont  boat ;  but  tu  disprove  this,  it  is  only 

to  |Hviut  to  tho  csp«riiuout8  of  Davy,  which  showed  that  th 

lhi<  Voltaic  arc  tnoiaoeiMla  that  of  any  other  terrestrial  soui 

(>iniiuii>ti  f)»ni  the  oM'bon  {xiiuts  is  capable  of  accurate  anal, 

•umplify  th(i  sulijcot,  wo  will    take  the  case  of  a  platinux 

tnX  alightly  wanned  by  tito  current,  and  then,  through  th 

Mgtnoiilation  of  tho  luttor,  raisi-d  to  a  white  heat.    When  tirs 

Um  win>  Miuda  fitrth  rays  which  have  no  power  on  tho  op 

TiMqr  M«  wluU  w«  oall  invisible  rays ;  and  not  until  the  tei 

vf  tit*  wirv'i  luw  roMlMHl  DMkrljr  1000^'  Fahr.  does  it  begin  to  i 

•  AUnt,  rod  lii;bi.    Tlw  n^ya  whioii  it  cmit«  prior  to  r^uces  i 

vWhl*  n^TK  wluoli  vvui  warm  tlio  hand  but  which  cannot  exA 

WkMI  Um  tawnwmttuty  itf  tho  wire  is  raised  to  whiteneea  tl 

QM  Attl  Mtly  fiwiil.  b«t  Umjt  •>«  nuanoamHj  augmented  in 

TMv  VMMmiil*  alMMt  96  Mr  cant  of  tho  totJ  ladiatioii 

AMUtM  nt>ti»w  wim    Tl^jr  BMik»  np  90  per  cent,  of  the 

ft«M  »  wtlliNkl  •k«tne  U|H>t.     To«  oao.  by  no  means,  have 

«f  Um  »itW»Mi  wMHMtt  tKi»  iu«t«iblo  cmint&ioD  as  an  accom 

Tka  tMMw  fJBatiwa  in,  as  it  w\«t\  built  upon  the  inrisi 

MtvwMry  AMMdklkM. 

It  \»  vmaf  \»  ttUMlMla  th*  ftowth  in  intansitT  of  theaa 

MM  M  lU  VMU*  MMa  «MMr  Um  Mdiatian  and  MMcaank 
TM  IIMMMMM9  Mt  tha  itekBla  m«»  a»d  aM<iJklu_ 


tmM»MWW!y  Mt  tha  itekBla  gafaM  awl  __ 

Kv^trk«M%>H,  MittN^^^tv  «^Uvriw\  wOiiMi  Wvmuml  aynhv  vk 

I51«ro  vWTWStTO5%^  w*mm«»  >»m*-^  ^ 
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•olTed  IB  a  proper  rehicle  iodine  cnts  the  TistUe  radiation  6h«r])Iy 
vM,  bat  mlloirs  the  invisible  free  transmissioD.  Wc  have  hitherto 
ued  it  disaolTed  in  bisulphide  of  carbon.  By  fasing  together  iodine 
•ad  snlphor,  Profcaaor  Dowar  has  recently  added  to  the  number  of 
oar  eAectoal  zaj-filters.  It  may  be  made  as  black  as  pitch  for  the 
vniUe,  wliilo  remaining  tranepareot  for  the  invisible  rays.  By  such 
fiten  it  ia  poasible  to  detach  the  invisible  rays  from  the  total 
r»«Kattnn,  and  to  watch  their  angmentation  as  the  tompcrotnre  rises.  { 
Espnanng  the  radiation  from  a  platinnm  wire  when  it  first  feela 
wana  to  the  touch — when,  therefore,  all  its  rays  are  invisible — by 
the  nunber  1,  the  invisible  radiation  from  the  same  wire  raised  to  a 
white  beat  might  bo  500  or  more.  An  actaal  table  of  ineasaromenta 
will  dearly  show  the  gradual  growth  of  tho  invisible  radiation  as  a 
^iral  of  platinam  wire  rises  from  darkness  to  an  intense  white  heat. 

DaA     "7 ~ 

Dufc.  bat  Lotter 3 

Dwk,  but  still  hotter S 

Duk.  bat  rtill  hotttsr lU 

CMOeted       19 

klHdlfed 25 

iJUa 87 

rnUiml fi2 

Omage sa 

BriKbtnnogc         144 

TflUow 202 

WWle      276 

lalBiHe  while        44U 

It  is  not  then  by  the  diminution  or  transformation  of  the  uon- 
t^^Boaaeauasiun  that  wc  obtain  tho  luminous ;  the  heat  rays  maintain 
tfaair  groaad  ae  the  necoasary  antecedents  and  companions  of  the  light 
taja.  When  detached  and  oonceutratcd  those  powerful  heat  rays  can 
pRidaea  all  the  c£Eects  ascribed  to  tlie  mirrors  of  Archimedes  at  the 
■f«B  vt  Syiacuae.  While  incompetent  to  produce  the  faintest  glimmer 
«t  ughtr  or  to  affect  the  most  delicate  air-tbermometer,  they  will  inflame 
M^er,  bom  op  wood, and  even  ignite  combustible  metals.  When  they 
—pimri  upon  a  metal  refractory  enough  to  boar  their  shock  without 
faioB,  they  can  raise  it  to  a  heat  so  white  and  luminotis  as  to  yield,  when 
Matya*^,  all  the  eoloors  of  the  8i>ectrum.  In  this  way  the  dark  rays 
<Mitlgil  by  the  incandescent  carbons  are  converted  into  light  rays  of 
■n  eoloora  Still,  ao  powerless  are  these  invisible  rays  to  excite  vision 
Aat  the  ejre  has  boen  placed  at  a  focus  competent  to  raise  platinum 
Ml  to  bright  rednflfls  without  exporieuciug  any  visual,  or  even  thermal, 
imifnmnaa.  Light  for  light,  no  duubt,  the  amount  of  boat  imparti^  by 
Ika  tamndwrnnt  carboDs  to  the  air  is  far  lees  than  that  imparteil  by  gas 
It  is  loa  beoanse  of  the  smaller  size  of  the  carbons,  and  of  the 
iva  imaUiMSi  of  tho  quantity  of  fuel  consumed  in  a  given 
It  is  also  Imb  because  tho  air  cannot  penetrate  to  tho  interior  of 
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the  carbons  as  it  does  to  the  intorior  of  a  flamo.  Tho  toi 
of  the  flarae  is  lowered  by  tho  admixtwro  of  a  gas  whic 
ttites  four-fifths  of  our  atmosphere,  and  which,  while  it  ap] 
and  ditfuKos  the  heat,  does  not  aid  in  the  combustion.  Tl 
ing  of  the  tem{X3ratnro  by  the  inert  atmospheric  nitrogei 
neoeaaajry  the  combustion  of  a  greater  amount  of  gas  to  pr 
aeoeesary  light.  In  fact,  tliough  the  statement  may  app 
doxical,  it  i«  entirely  because  of  its  enormous  actual  temper, 
tho  electric  light  seems  so  cool.  It  is  this  temperature  tho 
tho  proportion  of  luminous  to  non-luminous  heat  greatt 
electric  light  than  in  our  brightest  flames.  The  electric  lij! 
over,  requires  no  air  to  sustain  it.  It  glows  in  tho  moi 
air  vacuum.  Its  light  and  heat  are  therefore  not  purchas 
expense  of  tho  vitalizing  constituent  of  the  atmosphere. 

Two  onlers  of  minds  have  been  implicated  in  the  dovch 
this  subject;  first,  the  iuvestigntor  and  discoverer,  whose 
jiuroly  scientific,  and  who  cares  little  for  practical  ends ;  sec< 
practical  mechanician,  whoso  (object  is  mainly  industrial.  It 
easy,  aud  pmbably  in  many  cases  true,  to  say  that  the  one 
gain  kiiowU<»lge,  while  tho  other  wants  to  make  money  ;  ' 
persuaded  that  the  mechanician  not  uiifro<iueully  merges  thi 
profit  in  tho  love  of  his  work.  Members  of  each  of  these  c 
sonictimcB  scornful  towards  those  of  the  other.  There  is,  for 
something  su|X'rb  in  tho  disdain  with  which  Cuvier  hands 
discoveries  of  pure  science  to  those  who  apply  them :  "  Yt 
practical  achievements  are  only  the  easy  application  of  tl 
sought  with  n  practical  intent — truths  which  their  discoverori 
for  their  own  sake,  impelled  solely  by  an  ardour  for  ki 
Those  who  turned  them  into  practice  could  not  have  discovei 
while  those  who  discovercil  them  had  neither  the  time  nor  thi 
tion  to  ptirsue  them  to  a  ]iraetical  result.  Your  rising  worksfa 
ptxipled  colonies,  your  vessels  which  furrow  the  seas;  this  al 
thin  luxury,  Uiis  tumult  " — "  this  commotion,"  ho  would  h»i 
twero  ho  now  alive,  "regarding  the  electric  light" — "all  cc 
discovi'rers  in  Science,  tliough  all  remain  strange  to  them, 
tliat  a  disiH>very  enters  tho  market  they  abandon  it,  it  couoe 
no  nuiro." 

In  writing  thuB,  Cuvier  probably  did  not  sufficiently  t 
account  the  reaction  of  tho  applications  of  science  upon  sciei 
Tho  iiiiprovemeut  of  an  old  instrument  or  tho  invention  of  a 
is  «>ftou  tautaiuount  to  an  enlarp<uiout  and  rt>iiuement  of  the  i 
Uu)  Bcicntitio  investigalor.  liovmid  lliis,  ilio  anielioratioi 
iHiuuuuuity  is  also  an  obJDct  worthy  of  tho  best  eflorts  of  th 
brain.  Still  assurtxlly  it  is  well  aud  witui  for  a  nation  to 
mind  that  tluwo  iiraelical  upplii-nliniiH  whirh  strike  the  pul 
and  oxcilo  public  uduiirutiou,  mix<  tho  mil^iMwlh  of  lung  an 
lalMinrs  b«.<guu,  euntintiod,  and  ondc^l  under  Uiti  operation  of  i 
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[inliUeeta*!  stimalns.  "The  uicients  discovered  the  electricity  of 
r;  aad  Gilbert,  in  tte  year  1600,  extended  the  discovery  to  other 
Then  followed  Boyle,  Von  Guerieke,  Gray,  Caiiton,  Du  Fay, 
I  Sltiat,  Cansas,  mod  Franklin.  Bnt  their  form  uf  electricity,  though 
L  tried,  did  not  oome  into  practical  nse.  Then  appeared  the  great  Italian 
[Tollii,  wtio  diaoorered  the  sonrce  of  electricity  whicli  boars  his  uoiue, 
1  ■ppliad  to  its  development  the  most  profound  insight,  and  the  most 
experimental  skilL  Then  arose  the  man  who  added  to  the 
tMMcu  of  his  intellect  all  the  graces  of  the  human  heart,  Michael 
f  FWadkj,  the  diwoverer  uf  the  great  domain  of  magneto-electricity. 
disoorered  the  deflection  of  the  magnetic  needle,  and  Arago 
Dn  the  magnetization  of  iron  by  the  electric  current.  The 
circuit  finally  found  its  theoretic  Newton  in  Ohm;  while 
[Barf,  ct  Priaoetou,  who  had  the  sagacity  to  recognize  the  merits  of 
tChai  while  they  were  still  decried  in  his  own  country,  was  at  that 
^  M  in  the  van  of  experimental  inquiry. 

"  la  the  works  of  these  men  you  have  all  the  materials  employed 
•A  thia  boar  in  all  the  forms  of  the  electric  telegraph.  Nay,  more, 
~  the  illofltrioiis  BBtronomer,  and  Weber  the  illustrious  natural 

r,  both  profieaBOTS  in  the  University  of  Gottingcu,  wishing 
1  m  rapid  mode  of  communication  between  the  observatory 
i  the  pbjaical  cabinet  of  the  University,  did  this  by  means  of  an 
~  I  l«logl«ph.  Thua,  before  those  whom  the  world  calls  practical 
A  apon  the  scene,  the  force  had  been  discovered,  its  laws 
and  made  sure,  the  most  complete  mastery  of  its  phe- 
faad  been  attained  —  nay,  its  applicability  to  telegraphic 
deoMBfltrated — by  men  whoso  solo  reward  for  their  luboius 
dM  Bohle  excitement  of  research,  and  the  joy  attendant  on  the 
of  natural  truth."  I  ought  to  apologize  for  thus  repro- 
j  wards  uttered  by  myself  in  the  United  States  six  years  ago. 
Bol  tbejr  apply  with  particular  emphasiB  to  the  recent  developments 
rf  the  electric  light 

**  Few,"  says  Pasteur,  "  socm  to  comprehend  the  real  origin 
of  Iba  BtarrelB  of  industry  and  the  wealth  of  nations.  I  need 
■■  other  proof  of  this  than  the  frequent  employment  in  lectures, 
tfimhm,  end  ofiScial  language,  of  the  erroneous  expression, '  applied 
•aaBBS.'  A  atateeman  of  the  greatest  talent,  stated  some  time  ago, 
Aat  in  otrr  day  the  reign  of  theoretic  science  had  rightly  yielded  ])laco 
li  tihnt  at  applied  science.  Nothing,  I  venture  to  say,  could  be  more 
even  to  practical  life,  than  the  consequences  which  might 
theae  words,  lliey  show,  the  imi>criouB  necessity  of  a 
of  oat  suiKsrior  educaliou.  There  exists  no  category  of 
mimttu  lo  which  the  name  of  applied  science  could  bo  given.  We 
tawa  eeieaoe  and  the  applications  of  science,  which  are  united  as  the 
friH  b  to  11m  tree." 

Ob*  «Ric^  moro  npon  what  may  be  called  the  philosophic  bearings 
«(  tUa  qooatiao.      Wo  have  amongst  us  a  suiall  cohort  of  social 
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regeuoraturs — men  of  high  thoughts  aud  aapirationa — v 
place  tho  operations  of  tho  soientiGc  mind  under  the  coi 
hierarchy  which  shouhl  dictate  to  tho  man  of  science  the  c 
ho  ought  to  pursue.  How  this  hierarchy  is  to  get  its  wisdc 
not  explain.  Thoy  decry  and  denounce  scientific  theories; 
all  rofcrcnco  to  aithor,  and  atoms,  and  molecules,  as  subject 
apart  from  tho  world's  needs;  and  yet  such  ultra-sensible  c 
are  oftt'n  the  spur  to  tho  greatest  discoveries.  The  sourt 
from  which  tho  true  natural  philosopher  derives  inspiratio 
fying  power,  is  essoutially  ideal.  Faraday  lived  in  this  id 
Nearly  half  a  century  ago,  when  he  first  obtained  a  spa 
magnet,  an  Oxford  don  expressed  regret  that  such  a  discovi 
have  been  uiade^  as  it  placed  a  now  and  facile  implement  in 
of  tho  inooudiary.  To  regret,  a  Comtist  hierarchy  would 
bably  a^ldt.>d  repression,  sending  Faraday  back  to  his  bo 
bonoli  08  a  more  diguitiod  and  practical  sphere  of  action  thai 
with  a  magnet.  And  yet  it  is  Faraday's  spark  which  i 
upon  our  coasts,  and  promises  to  illuminate  oar  streets,  ha 
wiuaros,  woroliouHos,  aud,  perhaps  at  no  distant  day,  our  ho; 
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Fridsy,  January  24,  1879. 

Sm  W.  Fkxdkriok  Polukjk,  Bart  M.A.  Vioe-Presidcnt,  in  the  Chair. 

Pbofbssob  W.  E.  Atbton. 
The  Mirror  of  Japan  and  iU  M'wjic  Qualiiij. 

EXtai  leelarer  oommenoed  bj  refernDg  to  tho  vast  diflferonccs  between 
|k*  ClniMae  and  Japanese  nations,  of  which  the  English  people  as  a 
Mle  do  not  seem  (o  be  aware.  He  instanced  Torioos  points  of  con- 
kMl ;  ooe  of  the  most  important  being  tho  intensely  oriental  secluded 
clanifaler  of  the  private  life  of  tho  Chinese  on  tho  one  hand,  and  the 
itftumtb  dwelling  in  houses  unfomished  and  left  wide  open  to  public 
yae  on  the  other.  But  why,  ho  asked,  in  this  comparative  absonco 
M  mtmAj  all  that  we  should  coll  furniture,  docs  one  article  pertaining 
to  tfw  Iftdies'  toilette — the  bronze  mirror  with  its  stand — hold  so 
ynwiiiiiit  a  position  ? 

Tins  mirror  of  the  Far  East  is  usually  circular,  from  three  to 

IwltB  iadiaB  in  diameter,  made  of  bronze,  and  with  a  bronze  handle 

with  bamboo.     The  reflecting  face  is  generally  more  or  lees 

polished  with  a  mercury  amalgam  ;    the  bock  is  gracefully 

led  with  a  well-exocntod  raised  design,  representing  birds, 

dngODS,  a  geometiioal  pattern,  or  some  scene  in  Japanese 

Bjrtlaflkl  history.    Occasionally  there  are  also  one  or  more  Chinese 

Amelara  (siKnifying  long  life,  happiness,  or  some  similar  idea)  of 

falishad  natu  in  bold  relief.    Tho  general  appearance  of  the  back 

•f  the  ■nrror,  therefpre,  is  something  like  that  seen  in  the  figure  in 


It  m^Ai  at  first  sight  be  surmised  that  the  elaborate  head-<lTesaea 
of  ttw  kMiM  in  Japan,  combined  with  the  painting  of  their  fiwies, 
fcrr*****^  an  explanation  of  the  prominence  given  to  the  metal  mirror. 
Btf  thai  this  is  not  the  esse  is  easily  seen  from  the  fact  that  it  is  in 
AsIaB|Mnal  Palace,  where  the  court  ladies,  still  preserving  the  simple 
I  of  ancient  days,  merely  corab  back  their  long  black  trusses, 
have  least  need  of  a  looking-glass,  that  tho  Japanese  mirror 
the  highest  respect.  A  foreigner  meets  the  mirror  in  the 
,  ia  the  hands  of  the  street  conjuror,  in  pictures  of  the  infernal 
,  and  in  tho  regalia  of  the  Jupaucse  sovereigns,  and  for  some 
'  his  arrival  io  Japan  fools  as  an  Orimital,  ignorant  of  Biblical 
f,  attght  wfaun  nnablo  to  uudcrstanil  the  constant  repetition  of 
;  IB  IV"'**"  Oatholic  ooautrios.     But  at  length  he  hears  that 
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tbe  mirror  is  part  of  the  Japanese  religion,  and  is  mixed 
"  Divine  Bight  of  Kings,"  that  it  is  the  most  precious  ol 
sions  of  a  Japanese  woman,  and  couBtitutes  the  most  im 
of  the  trousseau  of  a  brido,  and  that  tho  "  Two  Groat  Divi 
at  Is(-  ill  which  was  deposited  the  first  made  mirror,  have 
of  tho  Japanese  tho  samo  iiuportaiico  as  has  the  Holy  S< 
the  Greeks  and  Armcuiana,  and  Mecca  for  the  Mohommei 
And  to  realize  the  reason  of  this  the  stranger  most  leai 
is  a  famous  ancient  myth  in  Japan,  which  was  recounted 
turer,  detailing  how  tho  suu-goddcsH  in  a  rage  shut  het 
rocky  cave,  and  how  the  other  gods,  to  dispel  the  darkness 
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used  various  artifices  to  entice  her  forth,  the  most  successfa 
tho  manufacture  of  tho  first  historical  mirror,  in  which  seei 
she  was  drawn  forth  by  her  curiosity  and  jealousy.  H' 
Icam  how  in  the  supposeil  creation  of  the  Japanese  empi] 
goddess  is  reputed  to  have  handed  this  mirror  (with  thi 
"gods'  treasures"  which,  together  with  a  mirrnr,  at  presen 
the  regalia  of  tho  emperor)  to  her  grandson  with  these  wor 
upon  this  mirror  as  my  spirit,  keep  it  in  the  some  hoose 
same  floor  with  yonrsolf,  and  worship  it  as  if  you  were  w 
my  actual  presence." 

After  describing  many  interesting  points  in  connectioi 
strange  mirror  worship  of  the  Japaneso  as  seen  in  the  pal 
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tbe  lecturer  weut  on  to  my  that  to  the  majority  of  thom 
inTesfcigRtioii   of  the  so-called  magic  properties  of  the 
I  nttrror  wtMiItl  pn'>l»bly  prove  of  yet  more  interest. 
BiA^c  property,  which  ie  possesaed  by  a  few  rare  specimens 

jfram  the  £«st,  is  as  follows: — If  the  polished  surface  is  looked 

tf  jimtly  it  »ct«  like  that  of  an  ordinary  mirror,  reflecting  the  objects 
ii  fraA  of  it,  bat  giving,  of  coarse,  no  indication  whatever  of  the 
nacd  patterns  on  the  back ;  if,  however,  a  bright  light  be  reflected 
hf  dbt  —""**«  Caoe  of  the  mirror  on  to  a  screen,  there  is  seen  on  this 
imcB  a  image,  Cormod  of  bright  lines  on  a  dark  ground,  more  or 
!<•  Mrfieetly  representing  the  pattam  on  the  back  of  the  mirror, 
«Ua  it  altogether  hidden  from  the  light. 

When  this  appearance  is  seen  for  the  first  time  it  is  perfectly 
ilillliiHL  oven  tu  an  educated  mind ;    and  if  the  source  of  light  is 
~  '   Btlj  blight,  as  for  instance  a  tropical  suu,  it  is  difficult  for  the 
to  dive^  himself  of  the  idea  that  the  screen  is  not  perforated 
ooR«aponding  with  the  pattern  on  tho  back  of  the  mirror, 
Mi  ilhwiinatfr^  from  beliiutL 

TUb  gtimnge  phenomenon  was  known  to  Sir  David  Brewster  and 
It  Sr  Obsriaa  Wbeatstone,  both  uf  whom  were  of  opinion  that  it 
•w  prodooed  by  trickery  on  tho  part  of  the  maker.  Sir  David 
n>»  artiJi,  far  example,  says  in  the  '  Philosophical  Magazine '  for 
OMmher,  1833: — "Like  iJl  other  conjurors,  tlio  artist  has  contrived 
to  aake  tlw  observer  deceive  himself.  Tho  stamped  figures  on  the 
lack  (of  the  mirror)  are  used  for  this  purpose.  Tho  spectnmi  in  the 
laaHMOi  arm  is  mot  an  image  of  Iht  figures  on  the  back.  Tho  figures 
MB  a  copy  dt  the  picture  which  the  artist  han  drawn  on  Ihe  face  of  the 
r,mati  so  ouncealed  by  polishing  that  it  is  invisible  in  ordinary 
bo  brought  out  only  in  the  sun's  rays." 
'  Ayrtou  thuu  related  how  he  had  been  quite  unable  to  find 
any  nf  the  shops  of  Japan  one  of  these  magic  mirrors  which 
in  Europe  to  be  a  standard  Japanese  trick,  and  ho 
bow  be  had  at  length  ascertained  that  with  regard  to  this 
M  refill  BMgio  mirror  tho  Japanese  were  the  people  who  know  least 
•keat  the  «a^«t 

Bai  tbew!  magic  mirrors  were  known  to  the  Chinese  from  tho  earliest 
tnem,  sad  one  of  their  writers  spoke  about  them  in  tho  ninth  coutiuy 
W  the  Ohriatiaa  era.  They  call  them  TheoUflifmantj-kiht,  which  means 
SlBsDjr  **  mirror*  that  let  tho  light  pass  through  them,"  the  name,  of 
•netntf  fhxn  a  popular  error  on  the  nibjoct  Tho  Roman 
'  Aalos  uallioa,  who  lived  seventeen  centuries  ago,  referred  to 
lli('timi«  rrfloctcd  their  backs  and  Bomctimcs  did  not. 
1  Ifce  gyaat  autiiinity  nf  these  Chinese  magic  mirrors  tho  German 
■  Bisr  fllarpp  has  concluded  that  it  is  proUiblu  tlmt  the  mirrors 
■igns  and  figures  of  imps  on  tho  back,  which  formed  a 
of  tba  stMck- in-trade  of  the  witcheti  uf  the  middle  ages,  were 
Biifiiclunu  The  Italian  historian  Mnratori  gives  an 
of  tbe  magio  mirror  found  under  tho  pillow  of  the  Bisho])  of 


28 


PriifeMor  Ayrton 


Verona,  who  was  afterwords  condemned  to  death  by 
Scala,  as  well  as  of  the  one  discovered  in  the  house  of  Co 
and  on  the  back  of  which  was  tlie  word  "  Fiorone." 
magic  mirrors  whioh  have  played  so  important  a  part 
the  priestcraft  of  China,  but  also  in  the  oracles  of  the 
Etruscans,  and  in  the  witchcraft  of  the  middle  ages,  inqui 
that  Japanese  literature  makes  absolutely  no  mention. 

Is  it,  then,  that  such  nuirors  cannot  be  found  in 
donbtcdly  they  cannot  be  bought  by  inquiry  at  the  sh 
fessor  Ayrton  8  investigations  have  shown  that  if  a  carefa 
with  properly  arranged  light  be  made  of  a  large  ni 
ordinary  Jajmncse  bronze  mirrors,  a  few,  perhaps  two 
cent,  will  be  found  showing  the  ]>henomonon  clearly. 

The  lecturer  then  referred  to  the  extracts  he  had 
largo  portion  of  all  that  had  boon  written  in  various  lang 
ing  tlio  explanation  of  the  phenomenon.  He  mentio 
oarliest  explanation  was  given  by  a  Chinaman,  Ou-te 
livtxl  between  1260  and  1341,  and  who  also  had  the  in 
the  magic  pro{)erty  of  the  mirror  was  produced  by  an  ai 
wrott' :  '•  When  we  turn  one  of  the  mirrors  with  its  fa< 
and  allow  it  to  thntw  a  reflection  on  a  wall  close  by,  we 
mc'iit«  or  the  characters  which  exist  in  relief  on  the  iMck  a 
Now  the  cause  of  this  jdicnomenon  arises  from  the  emplt 
kinds  of  cvipjier  of  unequal  density.  If  on  the  back  of 
dragon  has  been  produced  while  casting  it  in  the  m( 
viMtly  similar  drngi>n  is  deeply  engraved  on  the  face 
Allarwards  the  deep  chisol-cnts  are  filled  up  with  di 
wliioh  is  incor{>oratcd  with  the  body  of  the  mirror,  whicl 
of  finer  oop}>or,  by  submitting  the  whole  to  the  action 
Um  &00  ia  fdancd  and  prepared,  and  a  thin  layer  of  I 
qwMd  OT«r  it.* 

"  Wh<>n  a  beam  of  sunlight  is  allowed  to  fall  o 
mirrvtr  pn<|>ared  in  this  way,  and  the  image  is  rcflecte 
bright  and  dark  tints  an)  distinctly  Ee«n,  the  former  pre 
i>ur\T  tMn]<er.  and  the  latter  by  the  parts  in  which  the  i 
i«  inlaid. ' 

(^u^toou-hing  adds  that  ho  has  aeen  a  mirror  of  thiii 
into  pitCW ,  and  that  ho  ha«  thus  ascertained  for  himael 

ttik  «afliku*t)>4i. 

l^ftMlH'r  i^xiiniimit^tttM  8i)0M  yean  aooto  the  Freod 
ail<MMLtho  well  •  ■  •  '- 


Mty*]  «Kt 


kiu>wn  FV^noh  writer  on  China,  M.  Sta 
••  i«hih»«ophcrs  hare  for  a  long  timt 
■UfMM^  «<ii  i  tv>  tind  out  the  trae  cause  of  the 

whteh  ban  ewuMol  i\<rt«iu  m«teUte  miiTon  constructed 
liHV«>  a^^)Ull^^«l  lh(«  uaiuo  of  mufit  ■Aiwa.     Even  in  the  i 


1>t«  |>ii4>Mt4,v  idAm  la  Umi  ■nwiMy  aawlfin  whicli  ia  nai 
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ikcn  tbcy  are  xn»do  no  Earopean  has  np  to  the  present  timo  b<3«n 
either  from  the  m&nofactiirers  or  from  men  of  letters, 
tvliich  is  60  fall  of  interest  to  na,  because  the  former 
it  ft  secret  wben  bj  chanm  they  possess  it,  and  the  latter  gcue- 
nllf  igOQce  the  subject  altogether.  I  had  found  many  times  in 
Claiwte  bookft  detftilw  reg:arding  this  kind  of  mirrors,  but  it  was  not 
4  t  Mtere  to  ytiiify  the  very  proper  curiosity  of  philosophers, 
"  ~  mes  the  aathor  gave  on  his  own  responsibility  an  oz- 

he  hftd  gueesed  at,  and  sometimes  he  confessed  in  good 
ftat  this  carioas  property  is  the  result  of  an  artifice  in  the 
the  monopoly  of  which  certain  skilled  workmen  reserve 
t»  tbaanlTeB.  One  c«n  easily  understand  this  prudent  reticence 
«ka  *•  geaDcmber  that  the  rare  mirrors  which  show  this  phenomenon 
mU  b«u  tea  to  twenty  times  as  dear  as  the  rest." 

Ae  prarvlent  idai  has  been  that  the  phenomenon  of  the  magic 
■inor  was  cmoaed  by  a  difference  of  density  in  Tarioos  parts  of  the 
either  prodaised  intentionally  or  accidentally ;  and  this  the 
•BfljdDed  sroee  ttova  two  causes,  first  from  the  common  belief 
|wktems  on  Japanese  and  Chinese  mirrora  were,  like  those  ou 
ooine,  pn>dnoed  by  stamping,  the  other  beoanse  the  distin- 
Kampaan  philosophers  who  had  examined  into  the  question 
Ili(|^liii1  with  considorablc  sacccss  experimentally  how  such 
might  be  made,  but  thoy  had  not,  the  lecturer  thought, 
tbeir  attention  to  the  examination  of  the  question — How  was 
in  these  rare  Eastern  mirrors  actually  produced '?  — 
ft  rery  diffsrent  question. 
Piirfi— nr  Ayrton  mentioned  that  he  and  his  colleague,  Professor 
Ifmtj,  wan  lad  to  take  up  the  investigation  from  a  very  remarkable 
feel  poialsd  out  by  Professor  Atkinson  of  Japan,  viz.  Uiat  a  scratch 
■sd*  with  •  blunt  iron  nail  on  the  back  of  one  of  these  magic  mirrors, 
■Msa^  it  prodooed  no  mark  on  the  face  of  the  mirror  which  coolil 
ks  ■<■  by  direct  riaion,  neverthelces  became  visible  as  a  bright  lino 
•■  Ihs  seraeB  when  a  beam  of  sunlight  was  reflected  from  the  polished 
kes  et  lbs  mirror.  The  lecturer  mentioned  that  after  trying  various 
with  polarised  light,  Ac,  Professor  Perry  and  himself 
'res  of  a  very  simple  method  of  investigation,  but  one 
■ffsiently  not  soggested  itself  to  previous  observers.  Ou 
when  some  of  tlieir  students  were  using  lenses  to 
to  laake  the  exhibition  of  the  phenomenon  more  striking, 
k  sicnsd  to  lh«m  that  the  employment  of  beams  of  light  of  different 
at  coBtNffga&oe  or  divergenoo  would  furnish  a  test  for  deciding 
of  Ihs  whole  action.  For  while^  if  the  phenomenon  were 
aokealar  difllBivnoes  in  the  surface— the  commonly  received 
■flsot  woold  be  practically  independent  of  the  amount  of 
at  tfas  beam  of  light ;  on  the  other  hand,  if  it,  by  any 
dao  to  portions  of  the  reflecting  surface  being  loiw  convex 
~  ~  ',  a  eomplete  invfrtum  of  the  phenomenon  might  bo 
t0  ooew,  if  the  ezperimente,  instead  of  being  tried  in  ordinary 
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SDnlight,  were  mwlo  under  contain  vonditiuns  in  a  conV' 
that  is,  tbo  thicker  portions  of  the  mirror  might  bo  ozpc 
darker  iuBtoad  of  brighter  than  the  remainder. 

I  Experiments  wero  then  Bhown  of  the  imago  cast  c 
Ist,  when  a  divergent  beam  of  light  fell  on  tho  mirrc 
the  beam  was  parallel ;  3rd,  when  the  bonm  was  convi 
was  seen  that,  1st,  tho  pattern  appeared  as  bright  on  a 
2nd,  tho  pattern  was  iuvisiblo;  3rd,  the  pattern  appeare 
bright  ground.] 

Again,  by  allowing  a  jiarallel  beam  of  light  to  full  o' 
mirror  and  interposing  n  donble  convei  lens  between  t 
the  screen,  we  can  make  tlio  image  sliow  tlio  pattern  eii 
on  a  dark  ground  or  as  dark  on  a  bright  ground,  or  not 
by  causing  the  screen  to  be :  Ist,  nearer  tho  lens  than 
focus  of  tho  mirror ;  second,  farther  thnu  tho  conjugn 
at  the  conjugftto  focns.  [This  exi^riuient  was  liore  she 
can  easily  be  proved  by  simple  gooraetri(»l  optics  that 
effects  would  bo  produced  if  tho  thicker  {>arts  of  thi 
a  little  less  convex  than  tho  remainder.  [Tliis  was 
various  geometricol  diagrams.]  And  lastly,  if  the  pht 
OS  tho  previous  cxporinient  would  leiid  us  to  conclud' 
nnci|unl  reflecting  power  of  the  different  portions  of  tho 
mirror,  but  to  minute  incfjualities  on  the  surface,  in  c 
whieli  there  is  more  scattering  of  the  rays  of  light  i 
portion  than  on  another,  then  since  rays  of  light  uiaki 
angles  with  one  another  do  not  separate  iKjrceptibly  ui 
gone  some  distance,  it  follows,  that  if  the  screen  ho  hel 
tho  mirror,  tho  apparent  reflection  of  the  back,  the  nia^ 
in  fact,  ought  to  become  invisible.  And  this,  also,  it  wi 
exactly  what  happened  when  the  screen  was  made  ulmos 
polished  surface. 

The  lecturer  then  proceeded  to  explain  why  a  di\ 
omitted  by  a  bright  luminous  -point  at  some  fifteen  feet 
tho  mirror,  gave  the  best  effects. 

We  have,  therefore,  strong  reasons  for  favouring  th 
of  curvature"  theory.  In  order,  however,  to  make  th 
quite  certain,  the  lecturer  said  lie  had  made  a  small  co 
small  convexity  on  the  face  of  one  of  tho  mirrors,  by  hai 
a  blunt  tool,  carefully  protected  with  a  soft  cushion  to  avc 
the  polished  stirfocc,  and  ho  showed  by  experiment  that 
reflected  a  bright  image  and  tho  convexity  a  dark  o 
pattern  on  the  back  appeared  bright,  but  when  tho 
arranged  that  the  pattern  appeared  as  dark  on  a.  bright  g 
the  convexity  which  appeared  as  the  bright  spot,  and  the 
tho  dark  one. 

Guided  by  all  that  procedos,  we  are  led  to  tho  un 
elusion,  that  tho  whole  action  of  tho  magic  mirror  arii 
thicker  portions  being  flatter  than  tlie  remaining  convex 
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«nB  baing  aooaetiiBea  actaally  concavo.  But,  in  spito  of  tin's  irre- 
eondwBon  fofroetl  on  us  bj  tbo  exporiments  prcvioasly 
,  it  miisi  be  Mimittod  that  it  eeems  extraordinary  how  ench 
>  iabqaalities  in  tbe  snrftco  of  the  mirror — so  small,  in  fact,  that 
&t  eje  quite  fiuls  to  detect  them — can,  even  with  a  proper  arronge- 
■ak  of  tbe  light,  prodace  on  the  screen  an  image  of  the  pattern  on 
Ike  back  ■■  abarp  and  clear  as  is  seen  \niii  a  good  specimen  of  a 


Tbe  next  qoeetion  arises,  Why  is  there  this  difference  in  the  curva- 
ti  tbo  different  portions  of  the  surface  ?  The  experience  that 
'  Ayrton  had  pained  from  an  examination  of  a  largo  number  of 
mirrors  supplied,  in  part  at  any  rate,  the  answer  to  the  qucs- 
No  thick  mirror  reflects  the  pattern  on  the  back,  not  one  of  the 
■■■jr  beaatifal  mirrors  exhibited  at  tbo  National  Exhibition  uf  Japan 
n  1877.  and  vfaich  the  lecturer  was  so  fortimatc  as  to  bo  able  to  ejcpcri- 
I  vith  in  a  darkened  room  with  a  bright  luminous  jioint  at  some 
I  foet  distance,  showed  the  phenomenon  in  the  Hlightcst  degree  ; 
did  mirrors  in  the  mnsenm  of  the  Imperial  College  of 
g,  and  which  belonged  to  tlio  family  of  the  late  Em{)cror, 
Iha  nbuftiiii.  of  Japan,  failed  to  reflect  any  trace  of  a  design,  and  some 
•U  smmid  mirrors  withoat  handles,  which  he  had  also  tried,  were 
(«iib  dM  exception  of  one  which  was  immensely  prized  and  brought 
ta  btta  wxapped  in  fire  distinct  silk  cases,  and  the  heirloom  of  the 
~     of  a  DoUeman)  equally  nnsncocssful. 

,  it  ia  not  that  the  pattern  is  less  clearly  executed  on  the 
at  tbaae  choice  mirrors,  since  the  better  the  mirror  the  finer 
ia  the  pattern,  but  what  is  especially  noticeable  Is  that 
I  of  tbeae  mirrors  is  as  a  whole  far  thicker  than  an  ordinary 
mirror,  and  its  surface  is  much  lets  convex.     This  naturally 
I  to  inquire.  How  are  Japanese  mirrors  made  convex  ?    Are  they 
t  Mi^  or   '  <'i|uiro  this  shape  from  Some  subsequent  process  ? 

Hia  aeei  :    ugh  all  the  liteiatore  at  his  ditjposul,  European, 

Qiineaa,  on  the  subject  of  mirrors  failed  to  elicit  the 
hiat,  he  waa  therefore  compelled  to  perform  the  somowliat 
It  laak  of  obtaining  information  from  the  Japanese  workmen 
Evootnally  he  ascertained  that  while  practically  all 
were  onoTex,  the  surfooe  of  each  half  of  the  mould 
wm  ^mtm  flat,  and  that  the  cnrvaturo  was  given  to  the  mirvor  after 
J  ia  the  following  way. 
Tb«  lOQgh  mirror  is  first  scraped  approximately  smooth  with  a 
%piag  lo<iI,  and  as  this  would  remove  any  small  amount  of 
had  sneh  heeu  imparted  to  it  in  casting,  it  is  useless  to 
tb*  Boold  slightly  convex.  If,  however,  a  convex  or  concave 
wtawt  9I  matil  radios  is  required,  then  the  surface  of  the  mould  is 
■■la  aaaeaf*  or  convex.  On  tlie  oUier  hand,  to  produce  the  small 
•Bsaal  «f  aoovazity  -  possessed  by  ordinary  Japanese  mirrors 

%a  >it1n« iiig  Bolhr  :.>yod,if  the  mirror  is  thin,aud  it  is  with 

ro  bav«t  uspuuially  to  deal,  ainoo  it  ia  only  in  thcso 
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mirrors  thnt  tlio  apparent  reflection  of  the  back  is  o] 
mirror  is  placed  face  uppermost  flat  on  a  wooden  bi 
Bcroped  or  rather  scratched  with  a  ronndcd  iron  rod 
inch  in  diameter  and  a  foot  long,  called  a  megeho,  "  d 
BO  tliat  a  Ecries  of  parallel  BcratchcB  ia  produced,  wh 
face  of  the  mirror  to  become  convex  in  the  direction  at : 
the  scratches,  but  to  remain  straight  parallel  to  the  sen 
it  becomes  very  slightly  cylindrical,  the  axis  of  the  < 
parnllel  to  the  scratches.  This  effect  is  very  clearly  soe 
a  BtraiglitH3<1go  in  diflfereut  ways  to  the  face  of  an  nnpc 
■which  has  received  a  single  set  of  Bcratchcs  only, 
scratches  is  next  made  with  the  ni<'(;t'iN)  in  a  direction  o 
to  the  former,  a  third  set  intermediate  between  the  two 
on,  the  mirror  cnch  time  becoming  slightly  cylindrical, 
cylinder  in  each  case  being  parallel  to  the  line  of  scr 
eventually  the  mirror  becomes  qonerally  convex.  S 
prefer  to  make  the  seratchea  with  the  nivgebo  in  the  ) 
spirals,  otliers  in  the  form  of  large  spirals ;  but  the  gei 
of  the  method  em]doyed  with  their  mirrors  appears  to 
same, — the  face  of  the  mirror  is  scratched  with  a  bb 
iron,  and  becomes  slightly  convex,  tbo  back,  thercf( 
concave. 

[Some  mirrors  were  hero  exhibited ;  one  with  iti 
although  somewhat  rough,  just  as  it  came  from  the 
casting ;  a  second  that  had  received  one  set  of  parallel  i 
the  megebo,  and  which  by  means  of  a  straight-edge  wai 
slightly  cylindrical;  and  a  third,  on  the  face  of  which 
of  scratching  had  been  completed,  and  which  was,  ther 
convex.] 

After  the  operation  with  the  "distorting  rod"  the  i 
slightly  scrapeil  with  a  hand  scraping-tool  to  remove 
and  to  cause  the  face  to  present  a  smooth  surface  for  t 
polishing. 

In  the  case  of  tbick  mirrors  the  convexity  is  first  me 
■with  a  knife,  and  the  "  distorting  rod  "  applied  afterw 
connection  with  this  cutting  process  of  thick  niirrora  the 
interesting  point.  If  the  maker  finds  on  applying  fros 
the  face  of  the  mirror  to  a  hard  clay  concave  pattern,  a 
round  mider  a  little  pressure,  that  a  portion  of  the  st 
been  in  contact  with  the  pattern,  in  other  wonls,  that  he 
this  portion  too  much,  then  he  rubs  tliis  spot  round  an 
the  megeho  until  he  has  restored  the  required  degree 
Here  again,  then,  scratching  on  the  surface  produces  con 

Now,  why  does  the  scraping  of  the  "  distorting  ro 
face  of  the  mirror  leave  it  convex  ?  During  the  operatic 
concave.  The  metal  mnst  receive  then  o  kind  of  "  biickh 
bock  again  so  as  to  become  convex  when  the  pressure 
removed.    It  might  in  such  a  case  reasonably  be  oxp< 
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Qdcker  pArts  of  the  mirror  \ronld  yield  less  to  the  pressure  of  the 
tod  tban  tbo  thinner,  and  so  woald  be  mode  lees  convex,  or  even  they 
wa^A  not  spring  back,  on  the  removal  of  the  rod,  and  so  remain 
■etaally  concave.  Again,  since  n-e  find  that  scraping  the  face  of  the 
■imr  is  the  way  in  which  it  is  made  convex,  and  the  back  therefore 
tfcmtmm,  we  might  conclude  that  a  deep  scratch  on  the  back  would 
■■ke  the  back  convex  and  the  face  slightly  concave.  Such  a  con- 
oKTity,  as  we  have  proved,  would  explain  the  phenomenon  of  the 
kri^t  line  appearing  in  the  reflection  of  sunlight  on  the  screen  which 
w*(  obeerred  by  Professor  Atkinson  to  correspond  with  the  scratch 

MtlMbMk. 

Afker  the  scratches  produced  by  the  megeho  are  removed,  the 
ror  ia  polished  with  whetstones  and  then  with  charcoal.  The 
ftoa  BOW  beoomes  £airly  smooth,  but  it  still  generally  contains  some 
few  cvrttMS ;  these  the  maker  fills  up  from  a  stock  of  copper  balls  of 
TMiw  mourn  which  he  has  at  hand.  (It  was  probably  the  presence  of 
ibcae  bite  of  copper  that  led  Ou-tseu-hing  to  believe  that  the  oxplana- 
liMi  of  the  canse  of  the  magic  mirrors  was  the  inlaying  of  diflerent 
)  The  face  of  the  mirror  is  finally  rubbed  over  with  a  mer- 
UBalgam  containing  fifty  per  cent,  of  tin,  by  means  of  a  small 
brau,  or  with  the  hand. 
The  leotorer  then  referred  to  the  various  metal  mixtures  employed 
tte  Jfaneee  in  making  their  mirrors,  the  best  being  composed  of 
eant.  of  copper,  23  of  tin,  and  2  per  cent,  of  a  natural  sulphide 
■ad  antimony. 
Altboo^  the  Japanese  have  paid  no  attention  to  the  magic  mirror 
cnated  such  interest  in  Europe,  they  have  in  connection 
Umbt  priestcraft  employed  mirrors,  on  the  surface  of  which,  if 
at  very  obliquely,  could  be  seen  the  faces  of  saints,  which 
not  in  soy  way  connected  with  the  pattern  on  the  bnck  of  the 
The  accompanying  figures  represent  the  front  and  back  of 
tt  tliCBe  religions  mirrors,  about  four  and  one-fifth  inches  high 
waA  time  and  a  half  wide,  and  which  exists  at  Eamakura,  the  old 
Mfilsl  of  the  former  Emperor  of  Japan,  the  Shogun,  in  a  temple  to 
mtah  grost  leTcrenoo  is  paid  on  account  of  the  supposed  supernatural 
of  this  mirror.  In  the  polished  surface,  when  looke<l  at 
oUiqnely,  is  seen  the  face  of  a  Buddhist  priest,  and  the  back  is 
~  with  s  moon  rising  from  the  sea,  a  rosary,  and  a  plum 


iMttmir  slao  exhibited  two  mirrors  of  this  kind  which  ho  had 

IB  oonaeqaenc-e  of  the  belief  expressed   by  one  of  the 

minor  mslran,  that  the  phenomenon  of  the  so-called  magio 

prodoood  In'  ehemicsl  action  on  the  surface.     But  the 

of  Ibe  «zpeorun«&t  had  boon,  that  if  the  face  of  a  mirror  which 

MB  ebaouMUy  acted  on  was  polished  until  every  trace  of  the 

dMsppssred  for  direct  <ir  oblii|nc  vision,  then  they  also  dis- 

~  IB  Um  iawgo  proiinccd  by  reflceliug  a  beam  of  light  on  to  n 

■n^  oanaeqacntly  that  it  did  not  seem  possible,  as  far  na  his 

o  a 
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experiments  bad  gone,  to  produce  by  means  of  cbemical  ao' 
surface,  a  mirror  fulfilling  all  the  conditions  of  a  magic  m 
concluded  by  saying — "  It  appears,  then,  contrary  to  what  ii 
believed,  that  the  magic  of  the  Eastern  mirror  results  fron 
triuk  on  the  part  of  the  maker,  from  no  inlaying  of  other 
hardening  of  portions  by  stamping,  but  merely  arises  from  f 
property  possessed  by  certain  thin  bronze  of  buckling  and 
ing  stress,  so  as  to  remain  strained  in  the  opposite  directio 
stress  is  removed.  And  this  stress  is  applied  partly  bj 
torting  rod,'  and  partly  by  the  subsequent  polishing,  wl 
exactly  similar  way,  tends  to  make  the  thinner  parts  more  c 
the  thicker." 


WEEKLY  EVENING  MEETING, 

Friday,  January  31, 1879. 

WiLLiAH  Spottibwoodx,  Esq.  D.C.L.  President  B.S.  Vice- 
in  the  Chair.    - 

H.  HxATHOOTB  Staiham,  Esq. 

The  Logic  of  Architectural  Design. 

[Abstract  deferred.] 
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GENERAL  MONTHLY  MEETING, 
Monday,  February  3,  1879. 


Gbobok  Bvbx,  Esq. 


F.R.S.  Treasurer  and  Vice-President, 
in  the  CLair. 


I  The  Marquis  of  Bl&udford, 

^^^^^^  Mrs.  L.  Lawrence, 

^^^^^B  Joeepb  Mollor,  Esq. 

^^^^^^  Mrs.  Julius  Ton  Mumm, 

^^H  Major-General  Charles  Sawyer, 

^H«He  ttett«d  Members  of  Uio  Boyal  Institution. 

The  deooMe  of  Mrs.  Sabah  Fabadat,  widow  of  the  late  Professor, 
on  JanoMy  6th,  1879,  aged  79,  was  announced. 

The  Special  Thanks  of  the  Members  were  returned  to  Dr.  C.  W. 

KB  for  his  liberal  gift  and  arrangements  in  respect  of  tlie  Boiler 

the  Dynamo-Electric  Machine  made  by  Mr.  T.  A.  Edison ;  to 

BAmrr  for  his  present  uf  Electric  Lamps ;  and  to  Mr,  W.  H. 

for  his  present  of  a  Phonograph. 

The  Special  Thanks  of  the  Members  were  given   to  PRoriBSOB 
,  for  his  kindness  in  repeating,  on  January  20th,  his  disconrso 
1  ihm  SlMtrio  Light,  given  on  January  17th,  to  meet  tlio  disappoint- 
■A  opvicooed  by  unmerous  Members  and  their  friends. 

WtMMMM   Db  La    Rci,    Esq.  M.A.  D.C.L.   FJ^.S.  was   elected 
rABi  OF  THB  RoTAL  IngmuTioN,  and  William  Spottiswoodk, 
D.CJ*  LLJ).  Pree.  R.S.  was  elected  Mamaoeb. 

The  Pbbbmts  received  since  thu  last  Meeting  wore  laid  on  the 
,  mai  the  thanks  of  the  Members  returned  for  the  some,  viz. : — 

wtan 
7I»  ImMm  Oflft:  Bf»ijal  OottmmeHt—tLepotX  on  Public  Instructiou  in  Bengal 
lor  IKrrS.    M.     1K78 
M.  iMWt  Behwcodk^f  Prdrii  of  Beport  on  Electric  Ligbt  ExperiinvnU.    fol. 
ItTB. 
JAMfr  ati^  V  Btagal—Jrianal,  VoL  XLYII.  Part  I.  Noe.  2.  3;  Port  II.  No.  3. 
Ilf«.    1878. 

,  19^      \       -,  R.     8vo. 
rStc  Monthly  Notice*,  Vol.  XXXI.  No».  1.  2.    8vo.    1878. 

■  r    titfmi  ^^~^  ~,  oj  &;wit«c«  — Mciunires,  Tome*  X.  XII.-XLIl.     4lo. 

'ins-TS. 

UmtJm*  Cbofutm^  Toibm  XI.-XXXYIII.     Tooie  XXXtX.      Putio   1. 
TombXUXU.    4bi.    1837-78. 

I  CMnonnA :  CollMlioo  en  Sto.    Tivnca  L-XXVIII.     185'>78. 
.TooMaXLL-XMY.    8to.    1871^8. 
b,  1877.  1878.     niDO. 

r:  TkUcaii*  Lo|^ithinn  k  12  Diicimdoii  juwju'n  434  UilliardH,  «Tee 
t*o.    1877. 


88  Omieral  Monthly  Mtxtiiuj, 

BrUiA  ArehilecU,  Royal  luititule  o/— 1878-9  :  Proceeding*,  Nob.  3-5 

Tranfactiong,  No».  2-5.    4  to. 
Chemirul  Sorieiy — Journal  for  Nov.  Dec.  1878,  Jan.  1879.    8vo. 
Cofiiruy,  JIdoiicure  1).  Etq.  (the  Author) — Uomonology  Bud  DevU-Li 

8vo.    1879. 
Couttt,  J.  Etq.  (Wi«.4u/Aor)— The  Philosophyof  Bcieoce:  Experience  and 

16to.    1878. 
Cox,  h'duard  W.  Etq.  Serjeant-ai-Law,  Ae. — The  Claims  of  Psyoholog 

8vo.     1878. 
Editort — Auuripan  Joumiil  of  Science  for  Dec.  1878,  and  Jau.  1871). 
Aiittlyst  fur  Dec.  187S,  and  Jan.  1870.     8vo. 
AthenoMim  for  Dec.  1878,  and  Jan.  1879.    4lo. 
Chemical  News  for  l)w.  1878.  uad  Jun.  1879.    ■llo. 
Kngineer  for  Dec.  I^78,  mid  Jun.  1879.     ful. 
Horological  Journal  for  Doc.  1878,  and  Jan.  1879.     8to. 
Iron  for  IX'C.  1878,  iiud  Jan.  1k79.    4to. 

Joaniol  for  Ajiplieil  Science  for  Doc.  1878,  and  Jan.  1879.     fol. 
Nature  for  Dec.  1878.  and  Jun.  1879.     4to. 
Telegraphic  Journal  for  Dec.  187-?,  and  Jau.  1879.     8vo. 
FmuJilin  iii»(i7Wt--Jourma,  Nos.  VM',,  637.     Svo.     1878. 
Oeographical  Soeiety,  Royal—  VriKcviliu^s,  New  Scrioa.    Vol.  I.  No.  1. 
OtMogiaU  Inttituie,  ImiteriaU  Vitnna — Verhandluugon,  1878.     No«.  ! 
Series.  No.  1.    8to.     1879. 
Jahrbuch  :  1878.    Band  XXVIII.  No.  3.    Svo. 
Otological  Surcey  oj  in<fi(i— Beconls,  Vol.  XI.  Part  4.    Hvo.     1878. 
Barlem,  8oci^  UoUandaite  det  8oiaf:e» — ArcliivcB  Neerlnndaiseg.    ' 
Liv.  4,  5.    Svo.    1878. 
NRtuurkun<ligo  Verlinndelingen.     Derde  Vorzaiueling.  Dcol  III.    '. 
Uiiltbnitid,  Karl,  Enq.  (the  Author) — Zeiten,  Viilktr  imd  Miiisolien.  1 
IV.     leto.     Berlin.     1875-8. 
Die  DcutacLo  Nalional-literotiir  im  XVIII.  und  XIX.  Jahrhundert, 

Hilli-l»rand.     3  volg.     Svo.    Gntba,  1876. 
Geschichte  Fmidireicbs(  1830-70).     Band  I.    Svo.    Gdtba.     1877. 
Irith  Aciiiitmy,  Royal — TranBueLiniis  :  Vol.  XXYI.  Science,  No.  17. 

ProceedingM,  Series  II.:  Vol.  III.  No.  2.     Svo.     1877. 
JiuJuon,  Loiri*  D.  Em.  M  R.T.  (the  /t«i(Aor)— Canal  and  Culvert  Table 

(he  Formula  of  Kutter.    8vn.     1879. 
Leeds  I'hiltjsophiral  Soriely — AnnuiU  Report,  1877-8.     Svo.     1878. 
Liancouri,  Matlamc  A.  {the  £fMor)— Biographical  Notes  of  the  Cou 
Limnoourt,  Founder  of  Humane  BfK-itties,  &c.    (L  17)    Svo.     18' 
Linnean  Society — Proceeding*,  No.  lOd.    8vo.     1878. 
J»f.R./.— Major  F.  Duncan:  New  Scotland  and  her  Barouela.  (K  103) 
ManeheMer  Oeologiml  Society — Transactions,  Vol.  XV.  Pnrla  1,2.     8v 
Mechanical  Engineers,  Intiitution  of — I'rnceedingH,  October,  1878.     8v 
Xeteontogicfd  Office — Keportsof  International  Meteorological  Congres 
Svo.     1878. 
Report  of  the  Meteorological  Committee  of  the  Boyal  Society  for 
1879. 
tbitonlogical  Society — Quarterly  Journal,  No.  28.    Svo.     1878, 
Mutlhr,  Baron  Ferdinand  mn  (ttie  Translator)— Bt.   C.   G.   Wittt 
Organic  Constituents  of  PIhuU  and  Vegetable  Subntances  and  the 
Anolysis.    Svo.    Mellmume.     1K78. 
Pholograiihic  Society— Journal,  New  Serie.«i,  Vol,  III.  No.  3.    Svo.     16 
Plateau,  M.  J.  Hon.  M.R.I.  (Itie  AtiUmr)  -  Bur  un  Loi  de  la  PcrsistaD 

presHione  dans  l'(Eil.    fK  103)     Svo.     1878. 
Preuseitdie  Ahademie  der  Wistentfhnfleii — Monntsberiolitc :  Sept.  Oct. 
Royal  Society  of  London — ProceedingB,  Nos.  190,  191.     Svo.     1878. 
Socie/j  o/Xr/j— National  Wnler  Supply:  Notts  ou  Inqmrien.     Svo. 
SI.  flarlhohmew'f  fftw/i/fnf— Reports,  Vol.  XIV.     Svo.     1878. 
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S.PHerwlniTgAeadeauedaSeieneet—V&n<Aiei,TBen&  TomeXXY.   Noe.5-9. 

Tome  XXYL  Nus.  1.  2,  3.    4to.    1878. 
Swammitk,  Mm  Ammo,  MJl.I.  (Ote  TVmuIator}— Goethe's  Faust,  in  two  Parts: 

with  fattf  iUostntioiu  after  M.  Betzach.    4to.    1878. 
Sfpmoma,  O.  J.—MaaiUj  Heteorolc^oal  Manzine,  Deo.  1878  and  Jan.  1879.  Sto. 
TtUgrapk  Emgineen,  fioeMy  o/— Joamal,  Vols.  IL-VL  and  Parts  21-23.    Sto. 

187-4-5. 
Teyier  ITmohs  Baofiem—Axobiita,  Vol.  lY.  Faso.  2,  3, 4.  Vol.  Y.  Faso.  1.  Sto. 

1878. 
Tumm,  Pnfator  B.  V.  (lie  fUttor)— Cooley'a  Cydt^Media  of  Practical  Beceipti. 

Parts.    8Ta    I87& 
I'mited  Serviee  Inttitutum,  Royal— Joamail,  No.  98.    8to.    1878. 
rern'M  air  BeJSrdenmg  da  OewariifleuKt  t»  Preunen — ^Yerbandelongen,  1878. 

Uefte  9,  10.     4to. 
ffattf,  Heitry,  Stq.  B.A.  F.BJ8.  (the  .iuMor)— Dictionary  of  Chemistry.    Third 

Sapplement    PartL    Sto.    1879. 


WEEKLY  EVENINa  MEETING, 

Friday,  Febmary,  7, 1879. 

Sib  W.  Fbedssiok  Pollock,  Bart  H.A.  Vice-President,  in  the  Chair. 

Bit.  H.  B.  Hawxis,  M.A. 

BeOt. 

[Abstract  deferred.] 


Mr.  G,  J.  Sloney 


WEEKLY  EVENING  MEETING, 
Fri<lfty,  February  14,  1879. 
0.  William  Suuhknb,  'Esq.  D.C.L.  F  Jl.8.  Vico-Presideiit,  iu 

G.  JoHHBTONK  Stonkt,  Esq.  MA.  F.R.8. 

I7»«  Story  of  the  November  Meteors. 

[As  aome  ruadun  muT  wiah  to  consult  the  original  uiTeKtieutioa 
It)  liiis  locturu,  a  list  of  them  is  given  in  a  poistiicnpt  at  tlie  eD<L] 

METEOBS    AB   THSY    APPEAIl    IN   TH£    KABTH's    ATMOSrH 

When  observers  band  together  to  watch  every  (juarter  of  tl 
to  keep  on  the  look-oat  through  the  whole  uight,  the 
metoors  that  present  themselves  is  very  grout.     Iu  this 
been  ascertained  that  upwards  of  thirty  on  the  average, 
conspicuous  enough  to  bo  soou  without  instruments,  come 
view  of  the  observers  stationed  at  one  locality.     And  it  is 
that  telescopic  meteors  must  be  about  forty  or  fifty  times  at 
us  those  visible  to  the  naked  eye. 

These  results  may  be  obtained  from  obsorvations  mt 
statiou ;  but  when  concertol  observations  are  carried  on  ( 
stations,  several  other  facts  of  iutercst  come  to  light.  By  sii 
observations  at  distant  stations,  it  has  been  discovered  that 
of  meteors  above  tlic  surface  of  the  earth  usually  ranges 
down  to  twenty  miles,  the  average  height  being  about  a. 
that  the  direction  of  thoir  flight  is  towards  the  earth,  c 
vertical  or  iu  a  slopiug  direction ;  and  that  their  speed  in 
lies  betweou  thii'ty  and  fifty  miles  a  second. 

We  thus  arrive  at  the  conclusion  that  I'imblc  meteors  are  ] 
of  our  own  atmosphere ;  and  as  the  atmospbero  reaches  a 
most,  of  160  mUes,  and  is,  thoi-eforo,  but  a  thin  film  over 
globe  as  the  oortb,  it  is  obvious  that  tho  si>ectator8  at  any 
can  see  only  a  very  small  portion  of  the  meteors  which  < 
through  all  parts  of  this  envelope.  After  making  allownnc 
we  are  forced  to  conclude  that  uo  fewer  than  300  million 
bodies  pass  daily  into  the  earth's  ntmosphero,  of  which  al 
millions  and  a  half  are  large  enough  to  bo  seen  with  the  ual 
a  clear  uight,  and  in  tho  absence  of  the  moon. 

From  tho  direction  and  swiftness  of  their  flight,  it  is  ma 
meteors  uru  visitors  from  without.     Thoy  plunge  into  oiu*  al 
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i  lite  raaifitence  to  which  thej  become  theu  suiiilculj  exposed  must 
to  a  tompeiutare  which  exceeds  that  of  tbo  most  intense 
The  heat  is  enough  first  to  melt  aud  then  to  dissipate  in 
the  most  refractory  subetances,  and  it  otily  now  and  then 
'  i  eren  a  part  of  a  meteor  escajtcs  this  fate,  and  reaches 
ftt  ■romd.  They  are  for  the  most  part  lr>Ht  in  vaponr  ere  they  get 
■ifhiB  aDveral  miles  of  as.  The  difficulty,  indeed,  is  not  to  account 
fw  titnar  incandeaoence,  but  to  see  why  they  do  not  emit  a  gi'oater 
at  light  where  the  heat  must  be  so  intense.  And,  in  fact,  they 
be  other  than  very  small  bodies,  or  they  would  bo  much 
The  arerage  weight  of  tbuso  visible  to  the  unassisted  eye 
to  bo  under  an  ounce,  aud  tbo  telescopic  ones,  of  course,  are 
I  lig:bter. 


•n>&AOI0   METSOBS,   AKD   METEOBIC   8H0WEB8. 

Meteors  may  be  distributed  into  two  very  obvious  classes — casual 
■irleoca,  which  dart  irregularly  through  the  sky,  and  meteoric  showers, 
«Ueli  stn^m  into  oar  atmoephero  in  one  definite  direction,  and  at 
drtad  intervals  of  time.  We  are  concerned  at  present  with  the  meteoric 
(btMRn.  Many  such  are  known  to  exist,  uf  which  the  ]>rincipal  are 
Aa  Aognat  shower,  through  which  the  eikrth  passes  every  year  upon 
I  Ml,  10th,  and  11th  of  August;  and  the  great  November  shower, 
is  discharged  upon  the  earth  three  times  in  a  century.  The 
Kdwibv  mntfiftrs  are  those  about  which  most  is  known,  aud  it  was 
«t  Omm^  tbenliDre,  that  the  lecture  chiefly  treated. 


TBB  BBOtOSS   FBOM    WHICH   METEORS   COME. 

To  make  their  history  intelligible,  it  was  necessary  to  explore,  in 
MMW  degree,  the  regions  from  which  they  come.  For  this  puri>08e  a 
pmt  dt»gt*m  «raa  uhibited  on  a  scale  rather  more  tlian  thirty  times 
■•  iBala  at  Ibo  aeoompanying  woodcut.  Yet,  though  the  diagram  was 
aa  latga,  vterjr  handredth  of  an  inch  upon  it  represented  a  distance  in 
•qoal  to  the  interval  between  the  earth  and  the  moon.  The 
K  frum  the  earth  to  the  son  on  this  diagram  was  a  decimeter, 
ia.  four  inches;  and,  on  the  same  scale,  the  nearest  fixed  star 
,  kmrt  to  bo  placed  at  a  distance  of  twenty  kilometers,  or  upwards 
rflMlf*nilca. 


OBBIT  or  TBK  O&KAT  SOVKHBIB  SWARM. 

Ia  llica«  vast  ealestial  spaces,  there  are  no  rails  over  the  rough- 
■a  (if  which  tlio  train  mast  be  made  to  rattle,  if  it  is  to  move  at  all ; 
mtv  no  wh«ils  to  be  worn  out ;  there  is  no  air  in  which  »  wind 
ba  pwrfaecd,  or  through  which  noise  will  be  propagated.  The 
I  uf  iha  aphawa  is  not  a  sooud  audible  to  the  ear,  and  an  impeili- 
to  UKitiaii :  it  is  hanakas,  it  is  altogether  good,  it  is  the  pleasure 


STr.  0.  J.  SUmey 

of  tlio  linmnn  miud  nlicn  it  understands  the  great  wc 
There  is  du  thuudering  along  through  the  heavens.  AL 
peace  runnd  the  planets  as  thcj  swiftlj  glide.  Bodie 
in  this  way  without  obstruction  through  the  depths  of  s 
to  yield  at  once  the  duo  amount  of  obctlio&co  to  the  nt 
Bnn.  Accordiugly  each  meteor  wLich  traverses  the 
represouted  in  the  diagram,  moudy  its  pace  so  long  n 
along  that  half  of  its  course  in  which  it  is  approaching  tl 
hero  tlio  sun  is  drawing  it  forwards  as  well  or  sidov 
forward  attroctiou  iucrooses  its  velocity,  while  the  8ido\ 
bonds  its  path  iuto  the  oval  form.  The  meteor  toki 
sixteen  years  to  traverse  this  part  of  its  orbit,  and  al 
velocity  is  on  the  increaso.  It  has  attaiueil  its  greatest 
reochcB  the  point  of  its  orbit  which  is  closest  to  the  sun. 
is  the  plnco  whore  it  crosses  the  earth's  path.  As  it  jin 
its  velocity  is  twonty-Boveii  miles  a  second.  The  carti 
rate  of  iiiiietoen  miles  a  socoud  in  very  uourly  the  oppi 
so  tliat  if  the  meteor  hapjicn  to  striko  the  earth,  the 
approach  is  the  sum  of  these  two  numbers,  or  forty-six  ii 
and  it  is  at  this  enormous  speed  that  it  plunges  into  ni 
But  if  it  escape  the  oartti,  and  cuutiuuo  its  course  alo 
loses  speed  for  the  next  sixteen  years,  until  it  passes  th 
of  its  orbit  at  its  slowest  pace,  which  is  about  a  mil 
per  second.  In  each  revolution  its  velocity  oscillates 
oxtivmes.  Its  orbit  is  so  vast  that  it  takes  thirty-thre 
quarter  to  get  round  it. 

Such  is  a  good  picture  of  the  course  pursued  by  ea 
the  great  November  swarm.     There  are  countless  myria 
in  this  mighty  group,  each  one  moving  independently  of 
one  fuliilling  its  owa  destiny.     They  form,  together, 
stream  of  meteors,  the  dense  [>art  of  which  appears  to  be  i 
miles  in  width,  and  of  immcuse  length.     The  orbit  olo] 
travel  was  represented  on  the  diagram  by  an  ellipse  of  20 
or  close  upon  seven  feet,  long — L  e.  by  an  oval  about  as  li 
as  the  halt-door  of  a  house ;  and  the  length,  breadth, 
motion  of  the  swarm  in  1865,  before  it  reached  the  ea 
represented  on  the  same  scale  by  a  thread  of  the  finest 
about  a  foot  and  a  half  or  two  feet  long,  creeping  inwai 
orbit,  the  rear  of  the  column  having  been  between  the  orb 
and  Saturn,  and  the  front  of  it  nearly  as  far  io  as  the 
The  actual  train  which  is  thus  repiosented  was  so  am 
that  even  moving  at  the  rate  of  twenty-seven  miles  a  st 
upwards  of  two  years  to  pass  the  point  where  its  patl 
earth's  orbit.    The  earth  passes  this  point  on  tke  morniuj 
of  November  in  every  year.     The  head  of  the  deuso  part  i 
seems  to  have  reached  the  same  point  <«rly  in  the  year 
etirth  was  then  in  a  distant  part  of  its  orbit,  but  on  the  fo 
of  November  wo  came  round  to  the  place  where  tlio  grc 


tta,  uia  umy  pnuwwu  ui6  goi^geoirrTUapisj  m 

which  uuuiy  here  most  ramember.    lu  ItjtiT,  wlicu  wo 

kin  to  the  same  plaoo,  the  Btrc«m  of  meteors  was  KtiU 

this  time,  chanced  to  be  the  pnrt  of  the  globe  ivhich 

in  the  right  position  to  receive  the  shower.     In  1868,  tlie 

inn  had  nut  passed,  and  in  subsoqaout  years,  wliun  \vc  came 

tbo  proper  plaoe,  we  still  found  ourselves  among  outlying 

i  of  the  great  procession. 

laetuiM  next  attempted  to  give  on  outline  of  the  successive 
■ah  tbe  path  over  which  the  meteors  travel  had  been  dctur* 
doing  so  had  an  opportunity  o(  adding  other  particulars 
Uoos  luatory  of  those  bodies.] 

BCnOLDT. 

799  Homboldt  was  travelling  in  South  America,  and  on  tlio 
the  12th  of  November  in  that  year  the  November  tdiowur 
oat  over  the  New  World.  Humboldt's  description  of  this 
first  to  have  fixed  the  attention  of  scientific  men  u])un 
But  he  contributed  still  more  to  the  advance  of  nur 
bj  the  success  with  whicii  he  insisted  that  nearly  all  Kui-h 
periodic,  and  that  therefore  there  is  reason  to  hoira 
of  them  are  discoverable.  Shortly  after,  the  periodic 
of  ll»e  AngoBt  meteors  was  established  ;  and  when  tlic  next 
Ilia  NoTonber  meteors  to  the  earth  took  place,  when  there 
■agnifioBnt  dijplay  of  them  exhibited  to  Europe  in  1832,  and  a 
«c  impresaiTO  spectacle  seen  in  America  in  the  following  year, 
ntion  of  Boientific  men  was  thoroughly  aroused. 

raonnoB  b.  a.  sewton. 

ibglani!,  meleon  began  to  be  ^jatenuticsdly  observed,  and  in 
m  ul  thftt  knowledge  abont  them  has  been  acquired  which  was 
I  to  in  the  twginning  of  the  lecture.     In  France,  the  records  of 

■iimMihAiiiMyitmiJMr '''^;  «^  t>y 
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tho  year  a.d.  902.  He  found  by  comparing  the  dates  o 
servatioiis  with  the  mtxlern  uaes,  that  the  phcnoiiieuoD 
recurs  three  times  in  a  century,  or  more  exactly,  that  the  : 
swarm  crosses  the  earth's  path  nt  intervals  of  33]  years. 
showed  that  meteors  which  thus  visit  the  earth  three  tii 
tiiry  must  be  moving  in  one  or  otlior  of  five  orbits  which  1 
and  that  theroforo  if  means  could  be  fount!  fur  dt'ciiling  1. 
five  orbits,  the  problem  would  be  solved.  Tho  five  possil 
— the  groat  oval  orbit  which  wo  now  know  the  meteor 
traverse  every  33  years  and  u  quarter  ;  a  nearly  circulc 
little  larger  than  the  earth's  orbit,  wJiich  they  would  m 
n  few  days  more  than  a  year ;  auothor  similar  orbit  in 
periodic  time  would  bo  a  few  days  short  of  a  yo.ir ;  and  twi 
oval  orbits  lying  within  tho  earth's  orbit.  But  we  owe  i 
Professor  Nevvtou.  Ho  also  pointed  out  how  it  was  pout 
tain  which  of  those  orbits  is  tho  true  one,  although  the 
cnted  was  one  so  difficult  of  application  that  thero  was 
little  ho]io  that  any  astronomer  would  attempt  it.  For 
own  Professor  Adams,  of  Cambridge,  was  found  able  to 
the  <lifficultie8  of  the  problem,  and  williug  to  encounter 
laboui',  and  to  him  wo  owe  the  completion  of  this  great  d: 

PBOFESSOB    ADAUS. 

A  comparison  of  the  dates  of  the  snccessivo  showers 
beoa  recorded  shows  that  tho  point  whore  tho  path  of 
crosses  tho  earth's  orbit  is  not  filed,  but  that  every  time 
come  round  tliey  strike  the  earth's  orbit  at  a  point  whit 
nine  minutes  (i.  o.  nearly  half  a  degree)  farther  on  iu  t 
iu  which  the  earth  is  travelling.  In  other  words,  the  me 
doscril>o  exactly  the  same  orbit  over  and  over  again  :  theii 
revolution  is  Dot  exactly  the  same  as  their  path  iu  the  nex 
although  very  close  to  it.  Thus,  their  path  in  a.d.  12(3  wa. 
is  represented  by  tlie  str<mg  oval  lino  in  tho  diagram,  but  i 
teen  centuries  which  had  since  ela2>sed,  it  )ms  gradually  8 
into  tho  position  represented  by  tho  dotted  ellipse.  T 
motion  is  well  known  to  astronomers,  and  its  cause  is  ■ 
It  would  not  Lapiicn  if  the  sun  were  the  only  body  at 
meteors,  but  arises  because  tho  plauets  also  draw  them  in 
tions ;  nnd  although  tho  ottraction  of  the  planets  is  ven 
pared  with  the  immense  power  of  the  sun,  still  they  are  i 
the  meteors  a  little  out  of  their  course  round  the  sun,  and 
occasion  that  shifting  round  of  tho  orbit  of  which  we  a: 
Now,  ill  the  cose  of  meteors  which  arc  really  travelling  i 
orbit,  this  shifting  of  tho  orbit  must  bo  duo  to  tho  attrs 
planets  Jupiter,  Saturu,  Uranus,  and  the  Earth,  while, 
travelled  in  any  of  the  four  smaller  orbits,  the  planets  tl 
near  enough  and  largo  enough  to  act  sensibly  upon  them  n 
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YeBOS,  uhI  Jupiter.  Accordingly,  if  anyone  could  bo  fo\ind 
to  ekleal*te  huw  macb  effect  wonld  be  produced  in  each  of  the 
iro  caaea,  the  calcolated  amonnt  of  shifting  of  the  orbit  could  be 
«a^u«d  with  the  obeerrcd  amount,  which  is  29'  in  33^  years,  and 
An  wofsld  »t  onoo  tell  which  of  the  five  possible  orbits  is  the  true 

Tbon  pspen  of  Frofoesor  Newton's  were  published  in  1864. 

the  oompntations  which  ho  had  indicated  could  be  attempted, 

I  Becr—ry  that  the  tlirection  in  which  the  meteors  enter  the 

k'm  aliiKKphere  should  be  known  much  more  accurately  than  it 

.  «••,  in  Older  to  enable  astronomers  to  compute  the  exact  forms 

IS  of  the  five  pf««iblc  orbits.    This  olwervation  then  was  of 

importance  in  18G6,  and  it  was  on  this  account  that  all 

I  MJiUMiiiiiiiii  on  that  occasion   derotcd  nearly  all  their  efforts  to 

:  with  the  utmost  precision  the  exact  poiut  of  the  couRtel- 

Loo  from  which  t)ie  meteors  seemed  to  radiate.    This  important 

was   ascertained  during  the  great  meteoric  shower  on  the 

of  the   llth  of  NoTcmber,    1866,  and   immediately   after 

Adams  and  his  two  assistants  in  the  Cambridge  Observatory 

■A  to  work  at  their  ardaons  task.     This  great  calculation  required 

tta  Miliitioa  of  a  problem  in  mechanics  which  had  never  before  been 

■pted,   and   involved   an   immense    amonnt   of  tedious   labour. 

■U  the«e  difficulties  Professor  Adams  trimuphed ;  and  after 

1  of  toil  be  was  able  to  announce  in  the  following  March  that  if 

are  moving  in  the  largo  orbit,  Jupiter  would  produce  a 

J  of  the  orbit  in  each  revolution  atiiouuting  to  20',  the  nttrac- 

Satom  would  add  to  this  7',  Uranus  would  add  1' ;  the  effect 

|««rth  and  the  other  planets  wonld  be  insensible.    Adding  these 

I  together,  the  whole  effect,  accordiug  to  Mr.  Adams's  compn- 

ia  28',  almost  exactly  the  6:inic  as  the  observed  amount  which 

been  detennined  by  Professiir  Newton,  which  wns  29'.    But  if  the 

«  in  any  of  the  other  four  possible  orbits,  the  total  amount 

r«soe<<d  12'.    Here,  then,  we  have  reached  the  final  result : 

tkt  Itma  othit  U  the  orbit  of  the  meieort.     This  great  diecovciy  was 

"  in  llar«h.  1867. 


PBOmaOB  WHtaPPAKKLU. 

Signor   SohiapparcUi,  of  Milan,    was   labouring  in 
It  waa  evident  from  the  observations    that  the 
drawn  out  into  a  long  stream.     Wliat  was  the  cause  of 
Signor  Schiapparclli  pointed  out  that  if  a  cloud  of  meteors 
■taited  nndor  conditions  which  were  not  quite  the  same,  each 
would    pomue  its  own   orbit,  which   would    differ  from   the 
If  they  wore  treated  almost  '  \-\ctly,  although  not  quite,  alike 
tboir  various  orbits  would   lie  oxceesively  close  to  one 
mmld  bu  uudititiiiguiiJmblo  in  most  reapects.     But   if 
ba  anjr  eflnct  whiob  goes  on  accumulating  from  revolution  to 
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roTolntion,  snch  an  effect  wonld  in  the  end  become  v 
And  each  an  effect  there  is.  The  periodic  timeB  differ  a  I 
different  orbits.  At  the  end  of  the  first  revolation  tl 
which  hare  the  longest  periodic  times  are  the  last  to  ge 
starting  point,  and  have  therefore  already  fallen  a  little 
of  the  group,  while  those  with  the  shortest  pericxlic  time 
little  ahead.  At  the  end  of  the  second  reTolution  the 
donblcd,  and  in  each  successive  rcvolntion  the  colomn 
lengthened  ont.  After  a  snfiicient  nnmbcr  of  revolntic 
epr^  out  over  the  whole  length  of  the  orbit,  and  fon 
oval  ring.  This  has  not  yet  happened  to  the  November 
we  are  thus  assured  that  it  cannot  be  any  enormous  per 
cosmically,  since  the  time  when  they  first  started  on  f 
path.  On  the  other  hand  tho  August  meteors,  which  h 
punctually  ecery  year  since  they  were  first  observed,  ar 
complete  ring,  and  arc  at  all  events  of  far  greater  antiq' 
November  meteors.  But  they  are  also,  as  might  be  ei 
scattered,  so  that  tho  sprinkling  of  meteors  they  dischat 
earth  as  it  passes  through  them  has  nothing  like  the  epic 
great  November  shower.  Signer  Schiapjnirelli  also  poii 
there  is  a  comet  moving  in  the  track  of  the  August  i 
another  in  tho  track  of  the  November  meteors.  Wo  sb. 
see  the  significance  uf  this  observation. 

M.    LX   VESniER. 

Tho  next  great  step  was  made  by  M.  Lo  Vcrrier,  the  ! 
of  the  Paris  Observatory.  Acting  on  the  snggestion  i 
8cbiai)pirelH,  M.  Lo  Vcrrier  pointed  ont  that  tho  orbit  ol 
intersects  the  orbit  of  Uranus,  as  represented  in  tho  diag 
its  inclined  position  it  dues  not  intersect  the  path  uf  any 
mediate  planets  Saturn,  Jnpitcr,  and  lilars.  M.  Le 
calculated  back  tho  epochs  at  which  the  planet  and  tho  i 
at  tho  point  of  intersection,  and  found  that  early  in  tho  i 
they  were  both  at  that  sjKtt,  but  that  this  lias  not  hap 
Taking  this  in  conjunction  with  what  Sig.  Schiapparelli 
wo  seem  to  have  a  clue  to  a  truly  woudorjul  poet  history, 
be  explained  if  wo  may  suppose  that  before  the  year  126, 
had  been  moving  beyond  the  solar  systora  ;  and  that  in  tl 
chanced  to  cross  tho  path  of  the  planet  Uranus,  travelling 
such  path  as  that  repi-esentod  in  the  diagram.  Had  it  i 
tho  planet  they  would  havo  kept  on  the  course  marke< 
dotted  line,  and  after  having  passed  tho  sun,  would  baV' 
on  tho  other  side  into  tho  depths  of  space,  to  tho  same 
distance  from  which  thoy  ha<l  originally  come.  But  thei 
on  tho  planet  changed  their  whole  destiny.  Even  so  gi 
wduld  not  sensibly  aftcct  them  until  they  pfA  within  a  disl 
would  look  very  short  indeed  upon  our  diagram.     But  tt 
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uhly. 


WlMt  is 


hun  klmoct  grszod  his  snrfAce,  and  while  tlicy  were  very  cloec  to  sach 
ft  plaad,  be  vonld  be  able  to  drag  them  quite  out  of  their  former 
This  the  planet  Umnns  seems  to  have  done,  and  when,  pnr- 
bia  own  oonrse,  ho  again  got  too  far  off  to  inflnenco  them 
f,  ihej  foand  themselTos  moving  slowly  backwards,  and  slowly 
and  aooordixigly  began  the  new  orbit  round  the  son,  which 
to  the  aitaatioD  into  which  they  had  been  brought,  and 
I  iittKtiaa  and  moderate  speed  of  their  new  motion. 
Thej  Mem  to  haTO  passed  Uranus  while  they  wore  still  a  small 
dnster.  NererihelesB  those  members  of  the  group  which 
I  to  be  next  the  planet  as  they  swept  past,  would  bo  attracted 
■omewhat  more  force  than  the  rest,  the  farthest  members  of  tho 
with  the  least.  The  result  of  this  must  inevitably  have  been 
I  when  the  group  ware  soon  after  abandoned  to  themselves,  they 
not  find  tbeaiaelTeB  bo  closely  compacted  as  before,  nor  moving 
I  an  ahaolntely  identical  motion,  but  with  motions  which  differed, 
f^  perhaps  yery  little,  from  one  another.  These  are  conditions 
wtMdd  have  started  them  in  those  slightly  diffej-ing  orbits 
the  snn,  which,  as  we  have  seen,  would  cause  them,  as  time  wore 
to  b*  drawn  out  into  the  long  stream  in  which  we  now,  after 
1  oenttuiee,  find  them. 

ben  certain  is,  that  there  was  a  definite  time  when  tho 
I  entered  upon  the  path  they  are  now  pursuing — that  this  time 
«as  Iha  end  of  February  or  beginning  of  March  in  the  year  126  is  still 
a  matter  of  probability  only.  It  is,  however,  highli/  probable,  because 
it  explaiBS  all  the  phenomena  ut  present  known  ;  but  astronomers  are 
i  yet  in  a  poeitioD  to  assert  that  it  is  ascertained,  since  one  link  in 
tplete  chain  of  proof  is  wanting.  Wo  who  live  now  should  bo 
of  this  link  if  our  ancestors  had  made  sufficiently  full 
;  and  uor  posterity  will  have  it  when  they  compare  tho 
they  can  make  with  those  which  we  are  now  carofully 
record  for  tlieir  use.  They  will  then  know  whether  tho 
I  at  wbid  the  stream  is  lengthening  out  is  snch  as  to  indicate  that 
.  IS6  was  the  year  in  which  this  process  began.  If  so,  Le  Verrier's 
will  be  fully  proved. 

MB.    STOKST. 

Aaolkreptaode  in  tlie  eventful  history  of  these  meteors  is  also  known 
with  oooadarable  probability.  It  has  been  already  mentioned  that  a 
■■•t  is  travailing  along  the  same  path  as  the  meteors.  It  is  moving  a 
fCfjr  lilds  slower  than  they,  and  is  at  present  just  at  the  head  of  tho 
pocsHMO  which  thry  make  through  space.  Another  comet  is  simihirly 
■•VHV  in  the  track  of  the  great  elliptic  ring  of  August  meteors.  In 
Uf7,  tts  leetnrnr  vcntarod  to  suggest  an  important  function  which 
Maaa  nTmtr*r  aoein  lo  hare  discharged.  Picture  to  yourselves  a  mass 
cf  pw  faiAiiw  It  beoBine  coonected  with  the  solar  system,  travelling 
•t  a  distance  from  tho  snn  or  any  otlior  star.     Meteors 
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would  now  and  tlien  pass  in  variuns  diroctionB,  and  with 
cities  through  its  substaiice.  For  the  nioet  part  thuy  woul 
tbrougli  and  pasB  out  again ;  but  iu  every  such  case  the  I 
leave  the  comet  with  lees  velocity  than  it  had  when  ap] 
And  in  some  cases  this  reduced  velocity  would  bo  such  tli 
path  of  the  metoor  would  bo'au  cllipso  round  the  comet, 
this  was  once  brought  to  pasR,  the  meteor  would  inevi 
again  and  again  to  the  comet,  each  time  passing  through 
ite  substance,  and  at  every  passage  losing  sj)CL'd.  Aftei 
speed  the  ellipse  it  w<jiild  next  proceed  to  describe  woul 
than  the  one  before,  until  at  last  the  meteor  would  sink 
the  gas  and  bo  engulfed  by  it.  In  this  way  meteor  after  i 
settle  down  through  the  comet,  and,  in  the  end,  just  s 
would  bo  formed  as  came  across  the  planet  Uranus  in  t 
or,  if  Bucli  a  cluster  existed  originally  within  the  mass  of 
in  this  way  be  augmented.  As  the  comet  swept  ]>iiat  tl 
outlying  parts  would  seem  to  have  grazed  his  surface,  anc 
the  gas  was  probably  somewhat  more  retarded  than  the  i 
iu  the  centuries  which  have  since  elapsed  the  meteors 
much  ahead  of  the  comet  that  they  are  now  trending  on  1 
on  the  point  of  overtaking  him,  while  probably  the  g( 
brought  together  a  smaller  cluster  of  the  meteors. 

PROFESSOR  ORABASt, 

The  question  now  arisca,  How  the  deserts  of  space  ' 
from  star  to  star  come  to  bo  tenanted  here  and  there  b 
gas  or  an  occasional  metootitc?  Light  has  been  throw! 
quiry  by  discoveries  made  with  the  spectroscope  in  mode 
by  observations  during  eclipses.  These  have  revealed  t 
that  violent  outbursts  occur  upon  the  snn,  and  doubtli 
stars,  80  swift  that  the  up-rush  must  sometimes  carry 
away  into  outer  space.  Imagine  such  a  mass  eonsistii 
fixed  gas  and  in  part  of  condensable  vapours  ejected  fro: 
As  it  travels  forward  the  vapours  cool  into  meteorites,  wh 
gas  spreads  abroad  like  a  great  net,  to  entangle  other  i 
some  cases  both  might  travel  together ;  in  others  the  gas 
would  be  retarded  before  it  passed  beyond  the  neighbou 
star,  and  the  denser  meteors  would  got  abend.  But  evi 
lapse  of  iiges  other  meteors  would  be  caught,  so  that  in 
cluster  would  at  length  bo  foimed.  Now,  the  reasoiial: 
that  this  is  the  real  origin  of  meteors  has  received  strikii 
tion  from  the  discovery  of  the  lato  Profesaor  Graham,  t] 
iron  contains  so  much  hydrogen  occluded  within  it  as  ii 
the  iron  had  cooled  from  n  high  tempernturc  in  a  dense  at 
hydrogen — precisely  the  conditions  under  which  the  vaj 
would  cool  down  while  escaping  from  a  large  class  of  stai 
our  Bun. 
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EKCAPITULATIOK. 


We 


traced  an  oatlLne  ' 


le  marrellooB  history  of  these 
itbursts  upon  stars  Bomctimes 
Betent  violeDce  to  shoot  off  part  of  their  snbstanoe.  We  have 
the  gaeeooB  portion  sweeping  tlirongh  space  like  a  not,  and  the 
that  accompanied  it  condensed  into  spatters  that  have  consoli- 
into  meteorites.  We  have  seen  this  system  travelling  throngh 
'  fpuca,  with  nothing  near  it  except  an  occasional  solitary 
r,  and  we  have  seen  it  in  the  long  lapse  of  ages  slowly  augmcnt- 
it«  cloeter  of  these  little  strangers.  As  it  wandered  on  it  passed 
Ewithia  the  &r-6preading  reach  of  the  snn's  attraction,  and  perhaps  has 
■Bee  been  millions  of  years  in  descending  towards  him.  Its  nntural 
eosne  voold  have  been  to  have  glided  round  him  in  a  curve,  and  to 
kaTe  then  withdrawn  to  the  same  vast  abyss  from  which  it  had  come ; 
bst  in  attempting  this,  it  became  entangled  with  one  of  the  planets, 
vliid  dragged  it  oat  of  its  coarse  and  then  flung  it  aside.  Lmmedi- 
■teijr,  it  CBtered  upon  the  new  course  assigned  to  it,  which  it  has  been 
f"^'"C  <w  sinoe.  After  passing  the  planet  the  different  members 
«f  At  groap  fimnd  themaelvee  in  ]>aths  very  close  to  one  another,  but 
aot  abaolately  the  same.  These  orbits  difivred  from  one  another  very 
rfjg^y  in  afl  respects,  and  amongst  others  in  the  time  which  a  body 
tehee  io  travel  round  them.  Those  meteors  which  got  round  soonest 
fand  themselves,  after  the  first  revolution,  at  the  head  of  the  group  ; 
(keae  which  moved  slowest  fell  into  the  roar,  and  the  comet  was  the 
laelof  alL  Kaeh  eocoeeding  revolution  lengthened  out  the  column, 
ead  tbo  eooot  aoon  separated  from  the  rest.  Fifty-two  revolutions 
taken  place,  and  the  little  cloud  has  crept  out  into  an 
Btraaav,  stretching  a  long  way  round  tho  orbit,  while  tho 
has  fallen  the  greater  part  of  a  revolution  behind.  We  can 
:  fanrafd  too,  and  see  that  in  seventeen  centuries  more  tho  train 
will  hsTB  doubled  its  length,  and  that  ultimately  it  will  form  a  corn- 
lists  fing  round  the  whole  orbit.  When  this  takes  place,  a  shower  of 
MSB  aetsofs  will  fall  every  year  upon  tbe  earth,  but  tho  swarm  will 
Is  thea  en  seattered  that  the  display  will  be  far  less  imposing  than  it 


9»A  is  ths  history  of  one  of  the  many  meteoric  streams  which 
Asee  Ihs  |iath  of  the  earth.  There  are  several  of  these  streams,  and 
as  doabt  Ihs  sloiy  of  sTory  one  of  them  is  quito  as  strange.  And  if 
ftsM  un  several  etraams  of  meteors,  which  come  across  that  little  lino 
■  tftea  wUeh  constitutes  the  earth's  orbit,  what  untold  multitudes 
«f  1MB  anst  bo  within  the  whole  length  and  breadth  of  the  solar 
1 1  Fvliaps  it  may  oven  turn  oat  that  the  mysterious  zodiacal 
1  «Ueh  ittends  the  sun,  is  due  to  countless  honlos  of  these  little 
I  fjJBg  in  ail  directions  through  tho  space  that  lies  within  the 
■  ■  oraita 
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POBTSCBIPT. 

Frofossor  Nowton'a  Mcmoint  will  be  fonnd  in  '  Sillimai 
for  1864,  vol.  rxxvii.  p.  377 ;  nnd  vol.  xxxviii.  p.  53. 

Tbo  result  of  Professor  Adams's  iiivcBtigntions  was  an 
the  '  Comptos  Rendus '  of  tho  Academy  of  Sciences  of  P 
25th  Marcb,  1867,  p.  651 ;  and  n  fuller  account  of  it  will 
the  '  Monthly  Notices  of  tho  Astronomical  Society '  for  1 
p.  247. 

An  accouot  of  Sig.  Scliiapparelli's  contributions  will 
'  LeB  Mondes '   for  December,  18GG,  and  tlio  first  quarti 
An  outline  of  them  in  Englisli,  from  tho  pon  of  Profesi 
will  be  found  in  tbo  ' rbilosophiciil  Magazine'  for  July,  li 

M.  Lo  Vorrier's  communication  was  made  to  tbo  Frent 
of  Sciences,  and  is  published  in  tlie  '  Comptea  BonduB '  of 
Jannary.  1867,  p.  94. 

Mr.  Stoney's  paj)cr  will  bo  found  in  tho  'Monthly  N{ 
ABtrouomical  Society'   for  Juno,  1867,  p.  271;   and  in 
soiibical  Magazine'  for  September,  1867,  p.  188. 

ProfosBor  Graham's  experiments  aro  described  in  the  ' '. 
of  the  Royal  Society'  for  May,  1867,   vol.  xv.  p.  502, 
•  Comptea  Bendus '  of  tho  Academy  of  Sciences  of  Paris 
May,  1867,  vol.  Ixiv.  p.  1067. 


Professor  Newton  has  recently  delivered  in  America 
ing  lecture  on  "  Tbo  Relation  of  Meteorites  to  Comets,"  vr'. 
over  part  of  the  sauio  groimd  as  the  present  lecture.     A 
is  given  in  the  numbers  of '  Nature '  for  the  6th  and  13tb  ( 
1879. 
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WEEKLY  EYENING  MEETING, 

Friday,  Febrnary  21,  1879. 

WauAH  SroTTiBwooDE,  Eaq.  M..\.  D.C.L.  Proa.  R.S.  Vico-Prosidont, 

in  tho  Chair. 

PsonmoR  SosooK,  LL.D.  FJi.S. 

A  Nem  QtemUal  Induglrg,  ettahlUhed  hy  M.  CamiUe  Vincent. 

"  AvRB  I  had  mado  the  discovery  of  the  marine  add  air,  whioh  tho 
wpoar  of  Bpirit  of  salt  may  properly  enongh  bo  called,  it  occurred  to 
Be  that,  by  a  process  similar  to  that  by  which  this  aeid  air  is  expelled 
froai  the  spirit  of  salt,  an  alkaline  air  might  be  expelled  from  snb- 
iteaoea  ooateining  the  volatile  alkali.  Accordingly  I  procured  some 
vabtile  spirit  of  sal-ammoniac,  and  having  put  it  into  a  thin  phial 
■ad  heated  it  with  tho  flame  of  a  candle,  I  presently  found  that  a 
gnat  qnantity  of  vapoor  was  discharged  from  it,  and  boing  received 
imio  a  basin  of  quicksilver  it  continued  in  the  form  of  a  transparent 
■liMmaBent  air,  not  at  all  condensed  by  cold."  These  wurds,  written 
IjMi^ph  Priestley  rather  more  than  one  hundred  years  ago,  describe 
tfca  «ipeBiBe&t  by  which  ammonia  was  first  obtained  in  tbo  gaseous 


Unaeqnainted  with  tho  composition  of  this  alkaline  air,  Priestley 

that  it  increased  in  volume  when  electric  sparks  are  passed 

I  it,  or  when  the  alkaline  air  (anunonia)  is  heated  tho  rosiduo 

I  of  iBflaoiniable  air  (hydrogen). 

Berthollet,  in  1785,  proved  that  this  increase  in  bulk  is  due  to  the 

dteoBtpoaition  of  ammonia  into  nitrogen  ami  hydrogen,  whilst  Henry 

mti  Tiuwj  aaoertaiuod  that  two  volumes  of  ammonia  are  resolved  into 

OM  volama  of  nitrogen  and  throe  volumes  of  hydrogen. 

Thm  oarfy  Uilonr  of  sal-anunoniac  and  of  anunonia  is  very  obscure. 
Tha  adt  appoan  to  nave  been  brought  into  Europe  from  Asia  in  the 


1  ecntary,  poobably  from  volcanic  sources.  An  artificial  mode 
of  frodorfng  the  ammama<»l  salts  fmm  decomposing  animal  matter 
<na  aooa  dSaeovared,  and  the  early  alrliemists  were  well  acquainted 
with  the  earbonate  nuder  the  name  of  npiritiu  »ali$  urintB.  In  later 
liaM  ■al-anunoiiiao  was  obtained  from  Egypt,  where  it  was  prepared 
hj  '•M^Mitka  the  aablimate  obtained  by  burning  camels'  dung. 

AWwrapi  wa  are  constantly  surrouniled  by  an  atmosphere  of 
mttt^fti,  CBWBJati  have  not  yot  succeeded  in  inducing  this  inert  snb- 
aliBea  to  oomhino  rradily,  so  that  we  arc  still  cle{>endant  for  our 
nyplj  of  oombiniid  nitrogen,  whether  us  nitric  nuid  r)r  ninmonia,  upon 
tfw  dawntpoaition  uf  the  nitrogenous  constituents  of  the  bodies  of 
and  animal  a.     This  may  bo  effected  cither  by  natural  decay, 

B  2 
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giving  rise  to  the  ammonia  which  is  always  containod  iu  thi 
Bphore,  or  by  the  dry  distillatiuu  of  tbo  same  bodies,  that  is,  by 
them  strongly  ont  of  contact  with  air ;  and  it  is  fmm  this  sou 
the  world  derires  tlie  whole  of  its  commorcial  ammonia  ( 
ammoniaa 

Coal,  the  remains  of  an  ancient  vegetable  world,  contaii 
2  per  cent,  of  nitrogen,  the  greater  part  of  which  is  obtainec 
form  of  ammonia  when  the  coal  nndorgoos  the  process  of  dry 
tioD.  In  round  numbers  two  million  tons  of  coal  are  nnnni 
tilled  for  the  manufacture  of  coal  gas  in  this  country,  and  th< 
niocal  water  of  the  gasworks  contains  the  salts  of  ammoi 
solution. 

According  to  the  most  reliable  data  100  tons  of  cool  were 
Ro  as  to  yield  10,000  cubic  feet  of  gas  of  specific  gravity  0*( 
the  following  products,  in  tons : — 

Gt.  Tar.         AmnionU  Wttrr.         Coke 

22-25  8-5  9  5  59 •  75  average. 

This  ammonia  water  contains  about  1  ■  6  per  cent,  of  a 
hence  the  total  quantity  of  the  volatile  alkali  obtainable  from 
works  in  England  amounts  to  some  9000  tons  per  annum. 

A  singular  difference  is  observed  between  the  dry  distil 
alt-erod  woody  fibre  as  wo  have  it  iu  coal,  and  wiKidy  fibre  it( 
the  products  of  the  first  operation  we  chiefly  find  in  the 
Rromatio  hydrocarbons,  such  as  bonzene,  whilst  in  the  seconc 
acetic  acid  and  methyl  alcohol  are  predominant. 

The  year  1848  is  a  memorable  one  in  tho  annals  of  revol 
chemistry,  for  in  that  year  Wurtz  proved  that  ammonia  is  i 
only  one  member  of  a  very  largo  family.  By  acting  witl 
potash  on  the  nitriles  of  tbo  alcohol  radicals  he  obtained 
series  of  the  largo  class  of  comjwund  ammoniaa,  the  prima] 
mines.     Of  these  methylainine  is  the  first  on  our  Hst: — 


™'}n  +  2  KOH  =  ^^|}n  +  CO  |, 


OK 
OK 


Tho  years  that  followed,  1849-51,  were  prolific  in  am 
discoveries.  Hofinann  pointed  out  that  not  only  one  atom  of  I 
in  ammonia  can  bo  replaced  by  its  equivalent  of  organic  rati 
that  two  or  all  the  throe  atoms  of  tho  hydrogen  in  anunonii 
likewise  replaced,  giving  rise  to  the  secondary  and  tertiary  ai 
the  following  simple  reactions  : — 

HI  CH.I 

1.  CH.I  +  H  N  =  HI+    H     N 

U)  H  I 

CHJ  CH.I 

2.  CH.I  +    H    N  =  HI  +  CH,  1n 

Hj  h| 

CH,|  CH.I 

3.  CH,I  +  CH,  N=  HI  +  CH,   N 
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To  these  bodies  the  names  of  methyl&mine,  di-methjlaniine,  and 
Ui-metliTUinine    wero   giveu.      They   resemble   ammonia   in   being 
Yiilatilc  alkaline  liqnids  or  gases,  which  combine  with  acids  to  form 
!  crjstalline  and  well-defined  salts. 

Hithertn  these  compound  ammonias  have  been  chemical  curiosities ; 
(Itay  liave,  howerer,  rec«ntlj  become,  as  has  so  often  been  the  case  in 
otiwr  ioBtancea,  of  great  oommcrciol  importance,  and  are  now  manu- 
factored  on  %  large  scale. 

We  are  all  well  aware  that  the  French  beet-root  sugar  industry  is 
wmb  of  great  niagnitndo)  and  that  it  has  been  largely  extended  in  late 
jtmn.  In  this  iudastry,  as  in  the  munnfactnre  of  cane  sugar,  largo 
qnsBtitte*  at  molasses  or  treacle  remain  behind  after  the  whole  of  the 
crystaUi cable  sagar  has  been  withdrawn.  These  molasses  aro  in- 
rariably  employed  to  yield  alcohol  by  fermentation.  The  juice  of 
thm  hoot,  as  well  as  that  of  cane  sugar,  contains,  in  addition  to  the 
ngw,  •  large  qnantity  of  extractive  and  nitrogenous  matters,  together 
wift  wWMJderable  qnantities  of  alkaline  salts.  In  soiuo  bugor-pro- 
^y*"g  districts  the  wasto-liqnors  or  spout-wash  from  tho  stills — 
called  ttnantt  in  French — are  wastefnlly  and  igiioroutly  thrown  away, 
1  ot  bemg  returned  to  the  land  as  a  fertilizer,  and  thus  the  soil 
I  tmporeriahed.  In  France  it  has  long  been  the  custom  of  the 
dlallar  lo  eraporate  these  b'qnors  (cinoMet)  to  dryness,  and  to  calcine 
i  in  a  roverboratory  furnace,  thus  destroying  the  whole  of  the 
t  natter,  but  recovering  the  alkaline  mUs  of  the  beot-root.  In 
my  3000  tons  of  carbonate  of  potash  are  annually  protluccd  in 
th*  Fnndi  distillericM).  For  more  than  thirty  years  the  idea  has 
tna  MiiertAiiied  of  collecting  the  ammonia-water,  tar,  and  oils  which 
an  gill  off  when  this  organic  mutter  is  calcined,  but  the  practical 
iilJHliiiii  of  the  project  has  only  quite  recently  been  accomplished, 
•ad  ■  OMiat  unexpected  new  field  of  chemical  induHtry  thus  opeued 
uot,  through  the  persevering  and  sagacious  labours  of  M.  Camillo 
TiaoMil,  of  Paris. 

Tke  following  is  an  outline  of  the  process  as  carried  out  at  the 
IwifB  diatillery  oi  Heasre.  Tilloy,  Delaunc,  and  Co.,  at  Courii^res. 
TIM  ipeat-waah  haTing  been  evaporated  until  it  has  attained  a  B]>eci6c 
fnvity  ol  1*31,  Is  allriwei!  to  run  into  cast-iron  retorts,  in  which  it  is 
■■laaittrd  to  dry  dietiliution.  This  process  lasts  four  hours :  the 
volatile  prodncta  past  over,  whilst  a  residue  of  ]K)rouR  charcoal  and 
»lh»i;i««  Mlt*  remains  behind  in  tho  retort.  The  gaseous  products 
fi«aa  off  daring  thn  diFtillntiou  are  passed  through  coolers,  in  order 
hteeadanae  all  tlie  {Mirtinus  wliich  are  liquid  or  solid  at  tlie  ordinary 
tmrnfmrntimn,  and  the  combustible  gases  pass  on  nncondensed  and 
aw«a  ••  Awl  for  boating  the  retorts. 

Tks  liquid  {>orli<>n  of  tho  distilhite  is  a  very  complex  mixture  of 
cksauesl  eoinponnds,  r<:«euibliiig  in  this  rcH^R'ct  the  corresimnding 
MvdMi  in  tbo  tnanufacturo  of  coal  pm.     Like  this  latter,  tho  liquid 
***■"-*-  front  tJio  H|Mmt-WH»h  nuty  W'  divided  into 
1.  The  amnion ia-wnUr. 
ti.  Ths  tsr. 
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Tho  ammonia-water  of  the  Tinosse  resembles  tbnt  of  tbc  i 
manufactnre  in  so  far  as  it  contains  carbonate,  snlphydrt 
bydrocyanide  of  auiraonin. ;  but  it  diflbra  fn>m  tbia  (and  apprc 
to  tbo  products  of  tbo  dry  distillation  of  wood)  by  coutai 
addition  methyl  alcobol,  methyl  sulphide,  methyl  cyanide,  : 
tho  members  of  tho  fatty  acid  series,  and,  most  remarkable 
large  quantities  of  ihe  sails  of  irimethylamine. 

The  tar,  on  re-distillation,  yields  mora  ammonia-water, 
number  of  oila^  tho  alkaloids  of  the  pyridcno  series,  solid 
carbons,  carbolic  acid,  and  lastly,  a  pitch  of  fine  qnulity. 

The  crude  alkaliuo  aqueous  distillate  is  first  neutral 
sulphuric  acid,  and  tho  saline  solution  evaporated,  when  cr] 
8ul])batc  of  ammonia  are  deposited ;  and  these,  after  scparal 
draining  off,  leave  a  mother  liquor,  which  contains  the  more 
sulphate  of  trimethylamine.  During  the  process  of  conce; 
vapours  of  methyl  alcohol,  methyl  cyanide,  and  other  nitrils  a 
ofl",  these  being  condensed,  and  tho  cyanide  used  for  tho  pre 
of  ammonia  and  acetic  acid  by  docomposiug  it  with  an  alkali. 

Trimethylamine  itself  ia  at  present  of  no  commercial  value 
perhaps  the  time  is  not  far  distant  when  an  important  use 
subsbuice  will  be  found.  The  question  arises  aa  to  how  this 
can  bo  made  to  yield  Bubatancos  capable  of  rea<ly  employmei 
arts.  This  problem  lias  been  solved  by  M.  Vincent  in  a  m< 
niouB  way.  Ho  finds  that  the  bydrochlorate  of  trimcthylami 
heated  to  a  temperature  of  260°,  decomposes  into  (1)  amm 
free  trimethylamine,  and  (3)  chloride  of  mothyL 

3  NMe,HCl  =  2  NMe.  +  NU,  +  3  MeCl. 

By  bubbling  tho  vapours  through  hydroebloric  acid  the 
are  retained,  and  tho  gasooua  chloride  of  methyl  passes 
purified  by  wasbiug  with  dilute  caustic  soda  and  drying  wit 
sulphuric  acid.  This  is  then  collected  in  a  gas-bolder,  whe 
piuupod  into  strong  receivers  and  condensed. 

The  cmistruction  of  these  receivers  is  shown  in  Pig.  1 
consist  of  strong  wrought-iron  cylinders,  tested  to  resist  a  pn 
20  kilos,  per  squai'o  centimetre,  and  containing  50,  110,  21 
chloride  of  methyl,  Tlio  liquid  is  drawn  from  these  rece 
ojieuitig  tho  screw  tap  D,  which  is  covered  by  a  cap  C,  to 
injury  during  ti-ausit. 

Both  aramouia  and  chloride  of  methyl  are,  however,  si 
posaossing  a  coiiaidorablo  commercial  value.  Tho  latter  oi 
has  up  to  this  time,  indeed,  not  been  obtained  in  largo  quant 
it  can  be  eraployefl  for  two  distinct  purposes:  (1)  it  serves  as 
of  producing  artificial  cold ;  (2)  it  is  most  valuable  for  j- 
niothylatod  dyes,  wliich  aro  at  present  costly,  itiaBrauch  as  t 
hitherto  been  obtained  by  tho  use  of  methyl  iodide,  an  c 
substance. 

Methyl  chloride  was  discovered    in    1801    by  MM.  l>u 
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who  obtRined  it  by  heating  a  mixtnrc  of  common  gait,  methyl 

,  and  aalpharic  acid.     It  is  a  gas  at  the  ordinary  temperature, 

I  ui  ethereal  gmcll  and  a  sweet  taste,  and  its  specific  gravity 

Fig. 


II  it  wowviuit  et)lubli'  in  water  (about  3  volumes),  but 

ia  Metie  ■cad  (40  volumes),  and  in  a]M>hol  (36  volumos). 

wUb  a  luniiuoUK   Dumi',  tinged  ot  the  cdgen   with   grocn, 


56  Profettor  Rogeoe 

yielding  carbonic  and  hydrochloric  acids.  Uudor  prossui 
chloride  can  be  readily  condensed  to  a  colourless,  very  mob 
boiling  at  —  23^  0.  under  a  pressure  of  760  mm.  As  tl 
of  the  vapour  is  not  high,  and  as  it  does  not  increase  re: 
with  the  temperature,  the  liquofatlion  can  bo  readily  effocte 
collection  and  transport  of  the  liquefied  chloride  can  be  i 
without  dungor. 

The  following  table  shows  the  tension  of  chloride  of 
varying  temi>eraturcs :  — 

At    0^  the  leuaiou  of  C'H,CI  is  2-48  atriinaphen-i. 
„   15'  ..  .,  411 

„  20°  „  „  4-81 

„   25°  .,  .,  5  62 

1,  35  n  11  7'o0         ,, 

Fmm  these  niimbors  we  must  of  course  subtract  1  to  < 
pressure  which  tlio  vapour  exerts  on  the  containing  vessel. 

As  a  moans  of  producing  low  temperatures  chloride  of  m 
prove  of  groat  service  both  in  the  laboratory  and  on  a  . 
dustritil  scale.  When  the  liquid  is  allonred  to  escape  from  th 
into  an  rqxin  vessel,  it  begins  to  boil,  and  in  a  few  momeiiti 
jicrttturo  of  the  liquid  is  lowered  by  the  ebullition  below 
boiling  point  of  the  chloride.  The  liquid  then  remains  fo: 
of  time  in  a  quiescent  state,  and  may  bo  used  as  a  freezi 
By  increasing  the  rapidity  of  the  ovaiToration  by  means  of 
of  air  blown  through  the  liquid,  or  bettor  by  placing  the 
connection  with  a  good  air-pump,  the  temperature  of  the  liq 
»  few  moments  bo  reJuced  to  —55'^,  and  largo  masses  ol 
easily  soliditled.  The  construction  of  a  small  freezing  mat 
ployed  by  M.  Camille  Vincent  is  shown  in  Fig.  2.  It  com 
double-cased  copper  vessel,  between  the  two  casings  of  i 
methyl  chloride  (A)  is  introduced.  Tlio  central  space  (M 
with  some  liquid  such  as  alcohtd,  incapable  of  solidificuti 
chloride  of  methyl  is  allowed  to  enter  from  the  cylindrical 
by  the  screw  tap  (B)  and  the  screw  (S)  left  open  to  pen 
escape  of  the  gas.  As  soon  as  the  whole  mass  of  liquid 
reduced  to  a  temperature  of  —  23%  ebullition  censes,  the  t 
may  bo  roploceil,  and  if  o  teniponiture  lower  than  —23°  bo 
the  tulK!  (B)  placed  in  connection  with  a  good  oir-pump. 
simple  means  a  litre  of  alcohol  am  be  kept  for  sovenil  hou 
peraturos  either  of  —  23°  or  —  55°,  and  thna  a  largo  numb 
porimonts  can  be  porfonnod  for  which  hitherto  the  exiiensi 
nitrons  oxide  or  solid  carbonic  acid  was  required. 

M.  Vincent  has  recently   constructed   a   mucli  larger  i 
perfect  and  continuous  form  of  freezing  miichino,  in  which 
of  an  air-]iump  and  a  forcing  pump  the  chloride  of  methyl  is  o' 
in  the  frwzing  machine  and  again  condoused  iu  the  cylinder 
enlarged  form  of  apparatus  will  probably  comjicte  favourablj 
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r,  and  ealplmrous  acid,  freezing  machines  now  in  use,  as  they  can 
W  mmply  oonstracted,  and  as  the  vapour  ami  liquid  do  not  attack 
■etal  and  are  non-poiBonooa,  and  as  the  frigorific  efifects  which  it 
im  Of  hl«i  of  prudncing  are  most  energetic. 

ne  aeoond   and  perhaps  more  important  application  of  methyl 

le  is  to  the  manufacture  uf  methylated  colours. 
It  ia  well  knovn  that  rosiuiilino  ur  auiline-red,  C^^Hi^Nj,  yielda 
poanoBiring  a  fine  bliio,  violet,  or  green  colour,  when  a 

Fio.  2. 


I  of  til  11  replaced  by  the  nulieals  methyl  or 

tAfU  tad  tb«  Urgtr  tLu  pro]><irtion  of  hydrogen  replaced  the  deeper 

"•"I*  of  Tiolct  which  is   produced.     Thus  we  have  tricthyl 

inx  lun'g  •  viulet,  0„H„(C.jHs)3N3. 

8y  f"x  "*■'  "•■  t*"  atoms  of  the  hydrogen  of  aniline  by 

mAn  and  by  uudizintt  the  niL'thyl  unilinos  thu8  obtained,  Charles 

Imma  obtained  fine   violet    04.<luur8,   whilst    about   the  same  time 

L-BoAaaaa  ol— nwd  tbo  production  of  a  bright  gnx.'n  ooioaring  matter, 

*  Uohuaiin,  *  IVie.  Roy.  8oe.'  ziii.  13  (l»;3). 
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now  known  as  iodine  grcscn,  toi-mcil  <liiring  tbo  mauufaotc 
yiolet,  and  prodacud  from  tliu  latter  colour  by  tbe  action  ( 
iodido. 

In  order  to  prepare  aniline  groen  from  the  pure  cl 
mcthjl,  a  solution  of  mctbyl-aniliiio  violet  in  methyl  i 
placed  in  an  iron  digoRtcr  and  tbe  liqnid  ruiidercd  alkaline  1 
Bfxla.  Hiiviiig  closud  tbe  digester,  a  given  quantity  of  liqnii 
of  mutbyl  is  introduced  by  oix.'ning  a  tap,  and  tbe  digester  tbi 
is  placed  in  a  water  bath  and  boated  by  a  jet  of  steam, 
temperature  rcocbos  95°,  and  tbo  indioatod  pressure  amouni 
4  to  5  atmospbores.  As  soon  as  the  reaction  ie  complet 
water  is  replaced  by  cold,  and  tbe  iuterunl  preseure  n 
opening  tbo  screw  tap  of  tbe  digester.  The  product  of  tlii 
bcatod  and  filtered,  yields  tbo  soluble  and  colourless  base,  w 
are  green.  To  tbo  acidulated  solution  a  zinc  salt  is  odded 
double  salt,  and  tbo  green  compound  is  then  precipitate 
addition  of  common  stilt.  Dy  adding  ammonia  to  a  soluti 
green  salt,  a  colourless  liqnid  is  obtained,  in  wbicb  clotb  i 
with  tannic  acid  and  tartar  emetic  becomes  dyed  of  a  splond 

If  rosauiliue  be  substituted  for  mctbyl  aniline  in  the 
reaction  Hofmanu's  violet  is  obtaineil.  Tbe  application  > 
chloride  to  tbo  preparation  of  violets  and  greens  is,  bowov( 
bo  remembered,  not  due  to  M.  Vincent ;  it  baa  been  pra 
some  years  by  auiline-colour  makers.  M.  Vincent's  mt 
establishing  a  cheap  method  by  which  perfectly  pure  cl 
methyl  can  be  obtained,  and  thus  rendering  tbo  process 
inanufacturo  of  ooloara  much  more  certain  than  they  1 
hitherto. 

The  jiroduction  of  methyl  violet  from  di-mctbyl  anilii 
easily  shown  by  boating  this  body  with  a  small  quantity  i 
hydnite,  and  then  introducing  some  copper  turnings  iut 
liquid.  On  pouring  the  mixture  into  aloobol,  the  violet 
well  seen. 

In  reviewing  this  new  chemical  industry  of  tlio  boct-roo' 
one  cannot  help  being  struck  by  the  knowledge  and  abil 
have  been  so  successfully  expended  by  M,  CamiUo  VLoco 
working  otit  of  tlic  processes. 

Hero  again  wo  have  another  instance  of  the  utilizatioi 
chemical  products  and  of  the  pro}iaration  on  a  largo  seal 
(tounds  hitherto  known  only  as  chemical  rarities. 

All  those  intercBted  in  scientific  research  must  co) 
M.  Camillc  Vincent  on  this  most  snccessful  issue  of  his  lab 

[H. 
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WEEKLY  EVENINO  MEETING, 

Friday,  February  28,  1879. 

SiKMns,  D.C.L.  F.R.S.  Vice-Preeidcnt,  in  the  CLair. 

Sib  WuxiAM  Thomsom,  LL.D.  F.R.8. 

The  Sorting  Demon  of  Maxwell. 

[Abstract  deferred.] 


GENERAL  MONTHLY  MEETING, 

Monday,  March  3,  1879. 

or  NoBTBUXBiRLAiii),  LL.D.  D.CX.  the  Lord  Privy  Sval, 
President  R.I.  in  tlio  Chair. 

Churloe  Williiun  Bell,  Esq. 

Arthur  Brandruth,  Esq. 

James  T.  Chance,  Esq. 

WiUiam  Crooke«,  Esq.  F.R.S. 

Hugh  Ernest  Diamond,  E8<i. 

Stuart  Forster,  Esq. 

Charles  Friend  Hardy,  Esq. 

Donald  William  Charles  Hood,  Esq.  M.B. 

Charles  Ed.  Jemingham,  Est^. 

Stephen  Lanigan,  Esq.  B.A. 

Daniel  Pidgoon,  Esq. 

Montagu  Smnes  Pilchor,  Esq.  B.A. 

Mr&  Edward  Pollock, 

Rer.  Thomas  ComLsli  Pratt,  B.D. 

Mrs.  Edmund  R<jnud, 

Mm,  Gcrtru'lc  Simundo, 

Mnt.  John  Singlcttiu, 

John  .Mcxaudcr  Sn-uuston,  Es*]. 

Mn.  Michatd  Wills, 

Mcmben  of  the  Royal  luslitation. 

Tlw  TInuilcB  of  tlic  MumUtra  wi<ro  given  to  PitorKssou  A.  Guauam 
■X  fur  IU«  PnisuDt  uf  a  Pair  uf  Telephones. 


GO 


General  Movlhly  Meeting. 


The  Pbeskntb  received  since  the  last  Meeting  wore 
table,  and  the  thanks  of  the  Members  returned  for  the  sat 
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WEEBXY  EVENING  MEETING, 

Friday,  March  7, 1879. 

Snt  W.  FaxDXKiOK  Pollock,  Bari  M.A.  Yice-Presideot, 
in  the  Chair. 

Pborssob  HnxLXT,  LL.D.  F.RS. 
Senmtiion,  and  the  Untformity  of  Plan  of  SentifercnB  Organ*. 
[Abstract  deferred.] 


WEEKLY  EVENING  MEETING, 

Friday,  March  14, 1879. 

VtutAM  SpormwooDE,  Esq.  D.O.L.  President  R.S.  Vice-President, 

in  the  Chair. 

E.  B.  Ttlob,  Esq.  D.C.L,  F.R.S. 

The  Eittory  of  Garnet. 

[AUtract  dererred.] 


Thb  Dukk  of  Noethdmbeblakd,  LL.D.  D.CX.  Lonl 
Preaidont,  in  tlio  Cbair. 

Pbofbssoe  Abki,  C.B.  F.E.S. 
Becetil  Contributions  to  the  History  of  Detonating  i 

Amonq  the  mauy  explosive  preiiarati<m8  which  have  di 
thirty  years  been  proposed  tts  substitutes  for  giinpowdt 
of  greater  violence  and  other  Bpocial  merits  claimed  for 
has  yot  competed  with  it  successfully  as  a  projwlliug  ag 
as  a  safe  and  sufficiently  reliable  explosive  agent  for 
for  industrial  applications  and  for  very  important  mili 
ases,  dependent  upon  the  destructive  effects  of  explosive 
however,  to  give  place,  to  a  very  important  extent,  and  in  » 
altogether,  to  preparations  of  gun-cotton  and  nitro-glycc 

But  there  appeared  little  prospect  that  either  gun-oo 
glycerine,  whether  used  in  their  most  simple  condition  oi 
of  various  preparations,  would  assume  positions  of  pra 
tance  as  explosive  agents  of  reliable,  and  therefore  unifoi 
character,  until  the  system  of  developing  their  explosive 
the  agency  of  a  detonation,  instead  of  through  the  simj 
heat,  was  elaborated. 

Before  the  iirst  stop  in  this  important  advance  in  tl 
of  explosive  agents  was  made  by  Alfred  Nobel,  about  two! 
the  very  variable  behaviour  of  such  substances  as  gii 
nitro-glycorino,  when  exposed  to  the  heat  necessary  for 
under  comparatively  slight  modifications  of  att4.mdont  ooi 
as  regards  the  completeness  and  strength  of  confine 
position  of  the  source  of  heat  with  reference  to  the  mail 
material  to  be  exploded)  rendered  them  uncertain  ia  the 
at  any  rate,  only  applicable  under  circumstances  which  ( 
usefulness  within  narrow  limits.  The  employment  by 
initiative  detonation,  produced  by  the  ignition  of  small 
mercuric  fulminate  or  other  powerful  detonating  substan 
confined,  for  developing  the  violent  explosion,  or  detonat 
glycerine,  opened  a  new  field  for  the  study  of  oxplosiv 
and  the  first  practical  fruit  was  the  successful  applieati 
preparations  of  uitro-glyceriue  and  of  compact  forms  o 
gun-cotton,  with  simplioity  and  certiviuty,  to  the  productic 
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mnch  more  (xiusiilereblc  than  could  be  itccomplished 
dtfoagh  file  sgcncj  of  mnch  Urgor  omnnnts  of  gunpowder,  applied 
*  r  the  moat  favoorBble  conditions.  Whereas  very  etpong  confino- 
tlaabeen  eaaential  for  the  complete  explosion  of  those  Rubstanccs, 
I  the  only  known  means  of  bringing  about  thefr  explosion 
simply  of  the  application  of  fire  or  sufficitnt  heat,  no 
at  whatoyer  is  noodod  fur  the  development,  vrith  certainty,  of 
•  daoUadly  more  Tiolont  explosive  action  than  thoy  arc  capable  of 
•nrtiag  when  thus  applied,  if  they  are  detonated  by  snbmitting  some 
wamll  portion  of  the  mass  to  the  blow  or  concussion  dovolopod  by  a 
ibarp  dBtaiation,  sooh  as  is  produced  by  the  ignition  of  a  small 
^panty  of  strongly  confined  meccnric  fnlminato. 

Tlie  oooditiona  essential  to  the  development  of  detonation  in 
■Han  of  aitro-glycerine  and  gun-cotton,  or  preparations  of  them,  and 
Ibe  relations  to  and  behaviour  towards  each  other  of  these  and  other 
in  bodies,  in  their  cJiaractor  or  functions  as  detonating  agents, 
made  the  subject  of  study  by  the  lecturer  during  the  last 
,  and  some  of  ^e  earb'or  results  published  by  him  in  con- 
vith  this  subject  also  led  to  the  pursuit  of  experimental 
■  of  analogous  character  by  Champion  and  Pellet  and  others. 
SooM  of  the  chief  resnlts  attained  by  Mr.  Abel's  experiments  may 
he  hriefly  ■UBUBarized. 

It  was  found  that  the  siuoeptibility  to  detonation,  as  diRtinguisbed 

plosion,  through  the  agency  of  an  initiative  detonation,  is  nut 

to  gun-ootton,  nitro-glyoerine,  and  preparations  oont.tiniug 

'IwtMirni.  bat   that   it   is   shared,  though    in  very   dLfi'orout 

,  by  all  eiplosiTe  compounds  and  mixtures. 

It  tfM  demoBstrated  that  the  detonation  of  nitro-glycerine  and 

bodiea,  through  the  agency  of  an  initiative  detonation,  is  not 

' '  I  amply  to  the  direct  operation  of  the  heat  developed  by  the 

chan^M  of  the  charge  of  detonating  material,  and  that  the 

e  property  posaooecd   by  the  sudden   explosion  of  small 

of  certain  bodies  (the  morcuric  and  silver  fulminates)  to 

b  the   detonation    of    nitro-glycerine  and  gun-cotton,   is 

tot  aatiaftetorily  by  the  mechanical  force  thus  suddenly 

Id  bear  npon  some  part  of  the  mass  operated  upon.     Most 

ly,  tlwrtHars,  the  degree  of  facility  with  which  the  detonation 

>  will  develop  mnilar  change  in  a  neighbonring  explosive 

be  teguded  as  proportionato  to  the  amount  of  foroo 

»  tk»  akortest  ]^fno<i  of  time  by  that  detonation,  the 

J  ia  bat  ■aalogoos  in  its  operation  to  that  of  a  blow  from  a 

•  or  of  the  impact  of  a  projectilo. 

expIcKtvo    snfactanooB    which    are    inferior    to    mercuric 

I  in  ttM  twHiwintaa,  and  the  conaeqoont  momentary  violence 

kloaalian,  oasnot  be  relied  upon  to  effect  tho  detonation  of 

,  mrm  when  oaad  in  oomparativBly  considerable  quantities. 

cap  oonpoaition,  fbr  eumple,  which   is  a  mixtnre  of 

I  with  putaatinm  chlorate,  and  is  tboralbftt  much  less  rapid 
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in  its  action  tlian  tlic  puTo  fuhnitiate,  must  bo  used  in  oon 
large  quantitios  to  accotui>liRh  the  detonation  of  gxin-cotton. 

The  esBontial  diiferenco  bot««n  nn  explosion  Mid  whi 
distinguish  as  a  detonation  lies  in  the  comparative  enddenii 
transformation  of  the  solid  or  liquid  ciplosive  substance  in 
vapour. 

The  gradual  nature  of  the  explosion  of  gunpowder  is  i 
in  its  extreme,  by  burning  a  train  of  powder  in  open  air ;  tl 
and  consequent  riolenco  of  the  exijlosion  is  increased  in  pre 
the  degree  of  confinement  of  tlio  exploding  charge,  or  to  Uie 
opposed  to  the  osca]io  or  expansion  of  the  gases  generate* 
first  ignition  of  the  confined  substance.  In  proportion  as  th 
is  increased  under  which  the  progressive  transformation 
plosive  takes  place,  the  rapidity  with  which  its  particks  a 
sively  subjected  to  the  action  of  heat  is  increased. 

lu  the  cose  of  a  very  much  more  sensitive  and  rapidlj 
substance  than  gunpowder,  such  as  mercuric  fulminate,  tl 
in  the  rapidity  of  its  transformation,  by  strong  confinem 
great  that  the  explosion  assumes  the  character  of  a  det< 
regard  to  suddenness  and  consequent  destructive  effect.  A 
sensitive  and  rajiidly  explosive  material  (such  as  the  silver 
and  iodide  of  nitrogen)  produces  when  exploded  in  open 
akin  to  those  of  detfjnation  ;  yet  oven  with  these  bodies,  a 
operates  in  increasing  the  rapidity  of  the  explosivo  to  st 
and  consequently  in  developing  a  more  purely  detonati 
Thus,  the  violence  of  explosion  of  silver  fulminate  is  dec 
creased  by  confining  the  substance  in  a  stout  mctnl  cas 
enclosure  of  iodide  of  nitrogen  in  a  shell  of  plaster  of  p 
similar  effect.  With  chloride  of  nitrogen,  the  suddenness 
tion,  and  consequently  the  violence  of  action,  was  found  t 
greatly  increased  even  by  confining  the  liquid  beneath  a 
of  water. 

Detonation,  developed  in  some  portion  of  a  mass,  is  ti 
with  a  velocity  approaching  instantaucousncss  throughout 
tity,  and  even  if  tho  material  is  laid  out  in  the  open  air  in  } 
composed  of  small  mosses.  The  velocity  with  which 
travels  along  trains  thirty  or  forty  feet  in  length,  composed 
masses  of  gun-cotton  and  of  dynamite,  has  been  determined 
of  Noble's  chronoBcope,  nnd  was  found  to  range  from  17,00( 
feet  per  second.  Even  when  trains  of  these  explosive  agente 
out  with  intervening  spaces  of  half  an  inch  between  the 
masses  composing  tho  trains,  detonation  was  still  transmii 
the  separated  masses  with  great  though  diminished  velocity 

The  suddenness  with  which  detonation  takes  place 
applied  as  a  very  simple  means  of  brooking  up  shells  : 
fragnitnts  and  scattering  these  with  considerable  violence 
ployment  of  very  small  charges  of  explosive  agent.  Thus 
a  IC-pr.  common  shell  completely  wiOi  water  and  insertini 
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of  \  OK.  of  gun-eoUon  fitted  to  a  detonatin;;  fnzo,  the  shell  being 
tiwRNigbljr  elcMeil  by  moans  of  a  wrew  ping,  Iho  furcc  dcroloped 
hj  An  detonation  of  the  small  charge  of  gini-C(itton  is  transmitted 
ii^taiiUiiiiiwwly  in  all  directions  by  the  n-nt«r,  and  the  shell 
ia  tlina  kMoken  np  into  a  number  of  fragments  BTcra^'ing  fonrtccn 
liHes  the  nnnbor  prudnc/vl  by  bursting  n  shell  of  the  same  size  by 
mmBtal  the  full  amount  of  powder  wbich  it  will  contain  (13  oz.). 
ttnlogrfRg  I  os.  of  powder,  in  place  of  ^  os.  uf  gnn-cotton,  in  the 
■IihI  ffll«id  with  water,  the  comparatiTcly  rcry  gradual  explosion 
uf  tiM  powder  charge  ia  rendered  evident  by  the  result ;  the  shell 
Vaiag  brokan  «p  into  leas  tlian  twenty  fragments  by  the  shock 
fay  the  fiivt  ignition  of  the  charge,  transniittod  by  the 
In  this  caao  tlio  slielt  ia  broken  up  by  the  minimnm  amount 
■aiy  for  the  purpoee,  before  the  explosive  force  of  the 
tjbmtgt  i>  properly  developed.  Extensive  comparative  cxpcri- 
earried  oa  not  long  since  by  the  Royal  Artillery,  at  Oke- 
faaaiptoB,  dencmctrated  that  this  simple  cxpolient  of  filling  common 
ifcelU  with  water  and  attaching  a  smnll  charge  of  gun-cotton  with 
Urn  dfltooator  to  the  fuze  usually  employed,  allowed  of  their  appli- 
oatfoo  ■■  efficient  substitutes  for  the  comparatively  complicated  and 
cnally  ihn^el  and  segment  shells. 

AnoUter  illustration  of  the  sliarpneas  of  action  developed  by 
ArtomtiiMi  U  compared  with  explosion,  consequent  n{K)n  the  almost 
iaiteilBDeoaB  chancier  of  the  metamorphoeis  which  the  explosive 
aoiMl  wuiaefgoea  in  the  case  of  detonation,  is  afforded  by  a  method 
inriab  tte  leetorer  applied  some  years  since  for  ouni paring  the  violence 
«f  wMan  of  charge*  of  gun-«otton  and  of  dynamite  arranged  in 
HBmtBti  ways.  The  charges  (5  lb.)  to  bo  detonated  were  freely 
■■Bended  ot«r  the  centres  of  plates  of  very  soft  steel  of  the  best 
qadity.  vhioh  rested  npon  the  flat  £m»  of  a  massive  block,  or  anvil, 
«f  iKa,  keying  a  Isrge  central  circular  cavity.  The  distance  between 
•r  Bomoe  of  the  plato  and  the  cliargo  cnspcndod  over  it,  was 
The  disrp  blow  delivcre<l  upon  the  plate  by  the  air 
pro^eeted  against  it  by  the  foi-on  of  the  detonation  when  the 
fiirsd,  forced  the  metal  down  into  the  cavity  of  the  anvil, 
_  eop-ahaped  indentations,  the  dimensions  of  which  afforded 
td  eonipsring  the  violence  of  the  detonation.  A  much  larger 
ef  powder  exploded  in  actual  contact  with  the  plato,  would 
BO  sltoration  of  form  in  the  metal,  and  the  aaino  negatiTe 
wold  be  fnniiahiid  by  the  explosion  over  the  plato  of  a  heap  of 
gas-eaMiBn  of  the  aamo  or  greater  weight  than  the  charges 
The  above  method  of  experiment  was  deviseil.  in  the  first 
by  Mr.  Abel,  in  July  1875,  for  comiwring  the  quality  of  some 
IB  iit  Llandore  steel  proposed  to  be  UBod  by  the  Admiralty 
dlte-hnUiBS  pmiyusas,  with  asmples  of  malleable  iron,  and  it  has 
M  €mb  aaplayed  bj  Mr.  Adsmsoo  in  carrying  out  a  very  useful 
of  SAimiawnli,  rseeotiy  oommnniosted  to  the  Iron  and  Steel 
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It  Iift8  Leeu  elated  tLat  detouation  can  L«  traui-niittcd  fit 
niafB  of  f,n)n-cotton  or  d^Damite  to  onotlier  tLroiigU  iuten-eni 
Bpacoo.    The  extent  to  w]iicli  snc-h  Bjwces  can  be  introduced  \ 
checking  detonation  is  obTiously  regulated  by  the  size  of  the 
of  explosirc  detonated ;  but  the  distances  of  air-gpitce  througli 
the  detonation  of  a  moderate  qnantity  of  tlic  explosive  agei 
couiniunicate  to  similar  uiasses,  ore  very  limited,  a  space  of  2 
being  sufficient  to  prevent  tbe  detoniition  prwluced  by  a  n 
8  o«.  of  gun-cotton,  freely  exposed,   from   communicating  t 
tignous  ones.     If  tbe  dispersion  of  the  force  is  prevented  in  (H 
direction  is  given  to  the  gases  violently  projected  from  the  cc 
detonation,  the  power  of  transmitting  detonation  to  separated 
.  of  explosive  is  increase<l  to  a  remarkable  degree.     This  is 
accomplished  through  the  agency  of  tabes,  the  charge  first  de' 
being  just   inserted   into  one   extremity,  while   thnt   to   whi 
detonation  is  to  be  transmitted  is  inserted  into  the  other ;  or  8 
charges  may  be  placed  at  ditl'crcnt  distances  inside  a  long  tut 
long  intervening  spaces,  the  initiative  charge  being  inserted 
end.     A  few  illustrations  of  the  results  thus  obtained  may  be 
The  detouation  of  a  1-oz.  disk  of  gun-cotton  in  open  air  n 
transmit  detonation  with  cerlaiiilif  to  other  disks  placed  at  a 
distance  than  half  an  inch  from  it ;  but  if  it  be  just  inserted  i 
end   of  an    iron    tube   2   feet  long  and  1*25  inch  in  diam' 
similar   disk,   or   even   a   plug  of    loose    gnn-cotton    insert* 
the    other   extremity   of    tho    tube,   will    invariably    bo   dot 
With   employment  of  2  oz.  of  gun-cotton,  in  a  tube  of  th 
material,  thickness,  and  diameter,  (lotunatioii  was  transmitt< 
distanco  of  5  feet.     In  tubes  of  the  same  kind,  of  very  ammi 
length,   2-oz.   disks   of    gun-cotton    placed   at   intervals  of 
were  detonated  through  tlio  initiative  detonation  of  one  sue 
inserted  into  one  extremity  of  tho  tube.     In  other  oxi)eriment8 
tube  of  this  kind  was  iitted  with  branch  pipes,  2  feet  long,  a 
parts   wlioro  tho   intcrmediato   disks   were    placed,   and  cliai 
gun-cotton  were  placed  at  the  extremities  of  these  pipes.     ] 
initiative  detonation  of  1  oz.  of  gun-cotton  all  the  cliargt 
detonated,  tho  effect  on  the  air  being  that  of  one  single  exj 
Tho  results  obtained  with  C([ual  quantities  of  gun-cotton  vari< 
the  diameter,  strength,  and  nature  of  the  material  of  tho  tubei 
Dynamite  and  mercuric  fulminate,  applied  to  their  own  doto 
furnished  results  quito  aualogous  to  thoso  obtained  with  guu-i 
but  in  applying  fnlmtnato  to  the  detonation  of  gun-ci)tt(jn  t' 
the   agency  of  tubes,  eomo   singular  and   instructive   resulti 
obtained,  for  an  account  of  which  the  lecturer  referred  to  his  I 
on  this  subject. 

Silver  fulminate  was  employed  for  the  purpose  of  inst 
more  precise  experiments  than  could  be  made  in  operatinj 
larger  scolo,  with  gun-cotton,  on  the  inflnonco  of  the  materia 
jiosing  the  tuboe,  of  the  condition  of  their  inner  surfaces, 
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fltber  rariable  cutmmstanoes.  upon  the  transmission  of  detonation. 
Balf  •  gnin  of  silver  fnlminato  freely  exposed  and  ignited  bj  a 
kHted  body,  will  transmit  detonation  to  some  of  the  compound  placed 
■I  A  dktence  of  3  inches  from  it,  but  does  not  do  so  with  certainty 
•  distance  of  4  inches.  But  when  the  quantity  of  the 
I  is  jnst  inserted  into  erne  end  of  a  stout  glass  tube  0*6  inch 
r,  and  3  feet  long,  its  detonation  is  invariably  induced 
Vy  AbI  cf  a  similar  quantity  of  the  fulminate  placed  just  inside  the 
omv  extremity  of  the  tube ;  this  result  is  uncertain  when  the 
hnglli  of  the  tubes  of  the  same  thickness  and  diameter  exceeds 
8  UtH  3  inches.  Glaes  tubes  were  found  to  transmit  the  detonation 
cf  bItct  fnlminatc  much  more  rapidly  than  tubes  cf  several  other 
■•tvwb  of  the  same  diameter  and  thickness  of  substance.  Thus, 
'With  tbc  employment  of  double  the  quantity  of  fulminate  required  to 
tnaanit  the  detonation  with  certainty  through  a  gloss  tube  of  the 
kwd  doacrilicd,  3  feet  in  length,  it  was  only  possible  to  obtain  a 
■■— '^"'  rastiU  throngh  a  {lewtcr  tube  31  '5  inches  long,  a  brass  tube 
93*7  iaelies  long,  au  indiarubber  tul>c  15-8  inches  long,  and  a  paper 
labe  11*8  inchrs  long.  The  difference  in  the  results  obtained  was 
M<  MCfibablc  to  a  difference  in  the  escape  of  force  on  the  instant  of 
in  consequence  of  the  fracture  of  the  tube,  nor  to  the 
of  force  in  work  done  upon  the  tube  at  the  scat  of  deto- 
I,  amoe  the  glass  tabes  were  always  destroyed  by  the  first  explo- 
to  a  mnch  greater  distanoe  along  their  length  than  any  of  the 
J  and  the  brass  tubes,  which  were  in  no  way  injured  at  the  seat 
af  ftaoploson,  did  not  transmit  detonation  to  so  groat  a  distance  as 
ft*  ihwIm  tabes,  which  were  always  deeply  indented.     The  trans- 

^' of  detonation   appeared   also   not   to   be   favonred   by   tie 

or  the  pitch  of  the  tube  employed,  as  the  sonorous  brass 
I  not  found  to  favour  the  transmission  to  the  same  extent  as 
iW  pewter  tabs.  Moreover  the  transmission  of  detonation  by  the 
^MM  tabes  was  not  foand  to  be  at  all  affected  by  coating  these  tubes 
with  aarcnl  layen  of  paper,  or  by  encasing  them  in  tightly  fitting 
iadisnikber  tabes.  These  differences  appeared  on  further  iuvestiga- 
tioo  aol  to  be  ascribable,  to  any  important  extent,  if  at  all,  to  the 
>  in  the  nature  of  the  materia]  composing  the  tnbes,  but  to  bo 
f,  or  at  any  rate  almost  entirely,  due  to  differences  in  the 
of  the  inner  snrfaoes  of  the  tubes.  Thus,  brass  tabes,  the 
Bmss  of  which  were  highly  polished,  and  paper  tubes,  when 
1  iaaide  with  highly  glazed  paper,  transmitted  the  detonation  of 
'  fidminate  to  abont  the  same  distance  as  the  glass  tubes ;  on 
hand,  when  the  inner  surfaces  of  the  latter  were  slightly 
~  by  coating  them  with  a  film  of  fine  powder,  such  as  French 
tksT  ao  longer  transmitted  detonation  to  anything  like  the 
Bi  mucb  iIm)^  did  when  the  inner  surfaces  were  in  the  normally 
OTBilitioo.  Otiier  Tery  slight  obstacles  to  the  unimpeded 
of  iIm  OM  wave  through  the  tubes  were  fonnd  greatly  to 
tko  fretbty  with  which  dttonation  coald  be  transmitted  by 
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means  of  tnbcs ;  thus,  when  a  diaphragm  of  thin  biholona  pi 
inserted  into  the  glass  tube  nbont  half-way  between  the  two  oil 
detonation  was  not  traiiBtnittcd,  even  with  the  employment 
six  times  the  quantity  of  fulminate  that  gave  the  result  with 
under  ordinary  conditions ;   and  similarly  the  transmission 
nation  by  increasod  charges  of  mercuric  fulminate  and  of  gi 
was  prevented  by  the  introduction  into  the  tubes  of  light 
cardod  cotton  wool  just  suflScient  in  quantity  to  shut  out  tlw 
looking  through  tho  tubes. 

Among  several  other  interesting  results  fnniisbod  by  an 
tion  into  the  conditions  governing  and  results  attending  t 
mission  of  detonation  by  tubes,  a  remnrkablo  want  of  recipr 
foimd  to  exist  between  mercuric  fnlrainrite  and  gim-cotton.  1 
substance  is  more  susceptible  to  tho  detoniitivc  power  of 
fulminate  than  of  any  other  substance,  as  will  presently  b 
shown.  Tho  quality  of  fulminate  required  Ut  detonate  gun 
regulated  by  the  degree  to  which  the  sharpness  of  its  own  d 
is  increased  by  the  amount  of  resistance  to  rupture  offer* 
envelope  in  which  the  fulminate  is  confined.  From  20  to  I 
are  required  if  the  dotonntive  agent  is  confined  in  a  thi 
wood,  or  in  several  wrappings  of  paper ;  but  as  small  a  q' 
2  grains  of  the  fulminate  suffices  to  effect  tho  detonation 
pressed  gun-cotton,  provided  the  fulminate  bo  confined  in 
stout  metal  (shoet  tin)  and  bo  closely  surrounded  by  beii 
imbedded  in  the  mass  of  gun-oottou.  If  there  bo  no  clot 
between  the  two,  the  quantity  of  fulminate  must  be  very  coi 
increased  to  ensure  tho  detonation  of  tho  gun-cotton,  aud,  it 
ing  to  transmit  detonation  from  mercuric  fulminate  to  gun- 
mcnns  of  tubes,  it  was  found  necessary  to  employ  companiti 
large  quantities  of  fulminate  in  order  to  accomplish  this,  eve 
short  lengths  of  tubes.  But  when  tho  quantity  of  fnlmi 
reaches  certain  limits,  tho  detonation  may  be  transmitted  i 
giui-cotton  through  very  long  lengths  of  tube.  In  appl; 
cotton,  on  the  other  hand,  to  accomplish  tho  detonation  of 
fulminate,  it  was  found  that  this  result  could  be  attained,  an 
considerable  lengths  of  tube  (7  feet  aud  upwards)  by  meai 
much  smoller  quantities  of  gun-cotton  than  is  needed  of 
to  induce  the  detonation  of  gun-cotton  through  the  corr 
distances. 

This  want  of  reciprocity  between  two  detonating  (^ 
eponds  to  one  even  more  remarkable,  which  was  observe 
lecturer  in  his  earlier  investigations  on  this  subject.  In 
place  it  was  found  that  the  detonation  of  J  oz.  of  gun-c 
smallest  quantity  that  can  be  thus  applied)  induced  tho  sin 
deti>natioa  of  nitro-glycerino,  enclosed  in  a  vessel  of  shei 
placed  at  a  distance  of  1  inch  from  the  gun-cotton  ;  while 
of  the  latter,  the  same  effect  was  produced  with  an  intervei 
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tnrlwM  between  the  two  gobstences.     Bat  on  attempting  to  apply 
^Ifoerine  to  the  detonation  of  gnn-cotton,  the  quantity  of  the 
r,  wliich  was  detonated  in  clo»e  contact  with  compressed  gnn- 
wma  gradoally  increased  in  the  first  instance  to  j  oz.  and  sub- 
eren  to  2  oz.  witbont  accomplishing  the  detonation  of  the 
r.  which  was  simply  dispened  iu  a  fine  state  of  division,  in  all 
bat  one  in  a  large  namber  of  oxpcrimouta. 
force   developed    by  the   detonation  of  nitro-glycerino  was 
by  canifal    comparison  of  the  relative  dfstructivo   effocts  of 
qnjintities,  to  be  decidedly  greater  than  that  of  the 
of  which  from  2  to  5  grains  suffice  for  developing  the 
of  guQ-cottun,  when  it  is  in  close  contact  with  thorn.     The 
eptibilitT  of  gun-cotton  to  detonation  by  nitro-glycerine  is 
,  it  need  acaroely  be  saiil,  not  ascribable  to  any  deficiency  in 
"^r'l'T  force  aoddenly  applied  when  the  nitro-glycerine  is  deto- 
miti*3i 

tbe  power  possessed  by  different  very  highly  explosive  sub- 
,  of  iodacing  Uie  detonatlun  of  snob  bodies  as  gun-cotton  and 
jljpoeriite,  is  not  solely  ascribable  to  the  operation  of  mechanical 
Toy  suddenly  developed,  is  indicated  not  only  by  the  singtdar 
I  of  gun-cotton  to  the  ui£aence  of  nitro-glycerine  as  a  doto- 
a^nt,  bat  also  by  a  comparison  of  the  behaviour  of  other 
J  sabstanoes  with  tliat  of  tiie  mercuric  fulminate,  when  applied 
ietoaation  of  gnn-cotton.     Thus  the  detonation  of  silver  fnl- 
ta  very  decidedly  sharper  than  tlint  of  tbe  mercury  compound, 
ia  ia  no  way  superior  to  the  latter  in  its  power  as  an  initiative 
J  agent ;  iuioed,  a  somewhat  larger  amount  uf  it  appeared  to 
reqairad  than  of  the  mercury  salt  to  induce  detonation  of  gun- 
wilk  oortftinty.     Again,  the  iodide  and  chloriilo  of  nitrogen 
mora  aoaocptiblc  of  sudden  det«>nation  than  the  silver  fulminate ; 
,  whila  5  gnina  of  tbe  latter,  confined  in  a  stout  metal  onvolo])e, 
to  d«ioiiat«   gun-cotton,  50   grains   of  chloride   of  nitrogen 
by  water,  appeared  to  be  the  minimum  amount  with  whidi 
dc4oQatiua  of  gun-cotton  could  be  accomplished  with  certainty, 
vinlo  DO  auocusa  att«uded  the  employment  of  confined  iodide  of  nitro- 
■n  in  qnaatitiea  raagiitg  np  to  100  grains. 

Tbe  iaootntwtibility  uf  these  results  with  tbe  general  conclusion, 

1  Bpuo  nniucroua  and  greatly  varied  experiments,  that  the  facility 

wiucb   the  detonation  of  guu-cotton  and  nitro-glycerine,  and 

I  uf  a  fjmjUr  cbomctcr  as  explosives,  is  induced  by  an  initiative 

«,  is  prupurliouutc  to  the  mechanical  force  aided  by  the  beat 

by  the  latter,  led   the   lecturer  to  the  conclusion    that  a 

or  niniLlarity   in  oharavtor  or  quality  uf  the  vibrations 

by   ''  iiiitiou   of  particular   subetancos,  opomtcs  in 

the  •)  '  of  ono  such  substance  by  the  initiative  dcto- 

H  aauUl  liuautity  of  auutlitT.  while  in  the  absence  of  such 

a  laiwsB  more  {lowrerful  detouaiiou,  or  tbe  application  of 
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mack  greater  force,  would  bo  needed  to  effect  tbe  detonat 
material  operated  iiptm.  Thie  view  has  received  considerab 
from  results  since  obtained  hy  other  experimenterB,  cap 
MM.  Champion  and  Pellet ;  but  the  subject  is  one  which  t 
further  experimental  olucidatiun. 

The  physical  character  of  oxploKive  substances,  as 
mechanical  condition  of  a  mass  of  the  particular  explosive 
operated  on,  are  of  great  iuflncnco  in  deterniiuiug  its 
when  submitted  to  the  action  of  an  initiative  detonation.  '. 
nitro-glycerine  is  far  more  seutdtive  to  detonation  than  gi 
one  groin  of  mercuric  fulminate,  confined  in  a  metal  case, 
detonate  nitro-glycerine  wlicn  encrounded  by  it :  but,  in  ordt 
this  result  with  any  degree  of  certainty,  it  is  necossary  so 
the  nitro-glycerine  as  to  prevent  its  yielding  to  tbe  blow  dei 
the  initiative  detonation,  and  thus  to  some  extent  escaping 
operation  of  the  sudden  coscnsston  to  which  the  particles  i 
to  the  fulminate  charge  arc  submitted. 

If  nitro-glycerine  be  mixed  with  solid  substances  in  a  fi: 
division,  plastic  mixtures  may  bo  obtained,  and  the  liquid 
be  presented  in  s<jmething  Mcc  a  solid  form  to  the  detonat: 
if  the  particles  of  absorbent  material  be  moreover  of  porous 
JB  the  case  with  the  infusorial  earth  called  Eicsclguhr  n 
production  of  dynamite,  a  solid  nitro  glycerine  prcparatic 
obtained  which  contains  a  very  large  projiortion  of  the  liqii 
cent,  by  weight).     In  this  condition  nitro-glycerine  may  be 
without  any  difficulty  when  freely  exposed  to  air ;  and  alth 
dilated  with  a  considerable  proportion  of  absolutely  inert 
its  sensitiveness  to  detonation  is  not  in  tbe  least  diniinish' 
particle  of  tbe  diluent  is  enveloped  in   the  liquid,  so  tht 
tion  of  tlio  Itttttr  becomes  isolated  from  tbe  remainder  by  t 
ture  of  inert  solid  matter ;  hence,  when  the  initiative  de 
surrounded  by  such  a  mass,  it  is  in  contact  at  all  points 
portion  of  tbe  nitro-glycerine,  and  the  latter  is  in  contir 
section    throughont,    tbnugh    no    longer    in    a    mobile    i 
detonation   is  consequently  as   readily  esfablislied   and   ti 
through  the  moss  as  though  it  consisted  entirely  of  nitro- 
Indeed,  while  the  liquid  in  its  undiluted  state,  if  freely  eip< 
in  a  long  layei',  transmits  detonation  with  difficulty,  and  vi 
as  compared  with  compressed  gun-cotton  (the  observed  ra' 
gression  being,  in  several  eiperiments,  below  6000  feet  pe 
detonation  is  tiaasmitted  with  caeo  and  certainty  through 
trains  of  a  solid  preparation  of  nitro-glycerine,  snch  as 
and  the  rate  of  titinsinission  is  decidedly  more  rapid  than 
compressed  gun-cotton,  a  result  which  is  in  harmony  with  tl 
sensitiveness  to  detonation  and  the  greater  violence  of  actioi 
glycerine. 

It  bos  already  been  stated  that  gun-cotton  may  be  doto 
confined  charge  of  not  less  than  2  grains  of  mercuric  fuL 
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datomted  when  closely  smroiiiided  by  the  substance.  But  in  ordor 
to  attun  this  reralt,  the  cellulose-product  mast  bo  presented  to  the 
detooktiBg  agent  in  a  mechanical  condition  favourable  to  its  action. 

0«B-«otton  in  a  looee  floccalont  condition,  or  even  if  in  the  more 
waptt  form  of  a  spnn  yarn  or  thread,  cannot  be  detonated  through 
tlM  agency  of  a  large  charge  of  fulminate  buried  in  the  material. 
Tha  ligfat  and  looae  gun-ootton  is  simply  scattered  with  riolenco  ; 
Mtioaa  are  aometimea  inflamed  by  the  heat  developed  where  the 
nlaiiaate  ia  detonated,  a  result  which  is  obtained  with  gpreater  ccr- 
(aiaty  the  leas  riolcnt  the  detonation  produced  by  the  fulminate- 
elwtge.  I^  however,  the  gun-cotton  be  converted  into  a  compact 
focm,  either  by  ramming  the  wool  or  thread  very  tightly  into  a  case, 
cr  batter  still,  by  reducing  the  gnu-cotton  fibre  to  a  very  fine  state  of 
diTuisa,  and  compressing  it,  when  in  that  condition,  into  compact 
■•■n^  it  becomes  susceptible  of  detonation  by  the  initiative  action 
of  SMfciinc  fulminate,  and  the  quantity  of  the  latter  required  to  bring 
aboBt  detonation  is  small  (down  to  the  limit  which  has  been  named 
above)  in  proportion  as  the  compactness  or  density  of  the  compressed 
~  is  increased. 
IMooation,  when  established  in  compressed  gnu-cotton,  is  trans- 
'  with  groat  velocity  throughout  the  moss,  as  already  stated,  or 
fraa  oo«  to  another  of  contiguous  masses,  laid  out  in  long  rows,  and 
tboo^  at  a  reduced  rate,  if  small  spaces  exist  between  the  indi- 
laaaea.  But,  if  a  snuill  ma.ss  of  compressed  gun-cotton  freely 
tn  air  be  detonated  when  in  immediate  contact  with  gun-cottou 
wool  nr  kxwely  twisted  yam,  the  detonation  will  not  be  trau::mittotl  to 
&eae,  bat  they  will  merely  be  scattered  and  perhaps  inflamed. 

The  diflBreooe  in  the  behaviour  of  nitro-glyccriuo  and  of  gun- 
wlten  pnaented  to  the  action  of  a  so-called  initiative  detonation 
tiM  dilfcrant  conditions  spoken   of  al>ove,   admits  of  ready 


I 


I 


It  ««a  oetablisbed,  in  the  first  instance,  that  the  action  of  an 
nhiatiTc  detonation  is  not  ascribablu  to  the  heat  developed  within  tho 
iliaiitiim  material  itetdf,  in  undergoing  chemical  metamorphosis.  If 
it  w«n  ao,  the  detonating  mixture  known  as  percussion  cap  com- 
pMaHkn  and  other  explosive  mixtures,  the  detonation  of  which  is 
AMtadad  by  much  greater  development  of  heat  than  is  obtained  by 
Ihe  ■alien  of  poro  mercuric  fulminate,  should  detonate  gun-cutton 
man  nadily  than  tho  latter  does,  whereas  very  much  larger  qnan- 
tttiM  of  aaeh  .  '  U  oni  rvquirod  to  attain  that  result;  moreover, 
Iba  tmtiiatm  \\  gim-cotton  is  dotonatcd  should  be  solely  pro- 

yaatioasto  lo  tL^^  uuk-uii^  of  fuliuiuato  ui!c<l,  which  has  been  shown  not 
ta  ba  (be  «t»p :  ntid  ;;i  in -cotton  sliould  be  more  readily  detonated 
ia  '  condition  than  in  tho  highly  compressed 

|M>  '   latter  presents  it  in  the  condition  least 

fcMnualil  icr  in  that  nioHt  favourable,  to  ready  and  rapid 

Inaalnni,  Again,  the  actual  t<.'nip«rature  required  for 

tk(<  es|dflaina    i4f    nilro-glycerine    is   very   ci'nsidcrably   above    thf 
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exploding  teuipuraturu  uf  guii-cotton,  yet  a  very  uucli  Bmallei 
1 .  18  required  for  the  detouation  of  iiitru-glycerino  than  is  needod 
detonation  of  gun-cotton.  On  the  otlicr  hand,  a  qnautity  of  * 
percussion  cap  composition  which,  if  it  were  pare  mercuric  fa 
would  be  altogether  inadequate  fur  the  detonation  of  giu 
Buffioes  for  the  detonation  of  uitro-glyceriuo. 

The  action  of  uu  initiative  detonation  has  already  been  C( 
to  that  of  a  hlow  from  a  hammer  or  falling  weight.  The  n 
and  certainty  with  which  gunpowder,  gun-cotton,  and  other  e: 
agents  arc  detonated  by  the  latter  agency  ore  regulated  by 
circumstances ;  they  are  in  direct  proportion  to  the  weight 
falling  tK*dy,  to  the  height  of  its  fall,  and  to  the  force  with  ' 
is  un]>elled  downwurila ;  t*)  the  velocity  of  its  motion  ;  to  tl 
and  rigidity  or  hardness  of  the  support  upon  which  the  subs 
be  detonated  rests ;  lastly,  to  the  ijiiantity  and  uicchauical  c« 
of  the  eiplosivo  itgitit  struck,  and  to  its  sensitivoncss. 

GimjMiwdcr  is  much  mure  readily  detonated  by  a  sharp  bl 
a  small  hammer,  than  by  the  simple  fall  of  a  heavy  hamme 
a  foniiHirntivtlj'  weak  blow  from  the  latter.  It  is  very  difi 
repeated  blown,  a])plicd  at  very  brief  intervals,  to  detona 
cotton  if  placed  ujiou  a  support  ot  wood  or  lead,  both  o 
umteriuls  yield  to  a  blow,  the  force  applied  by  that  blu^ 
transferred  through  the  explosive  agent  and  absorbed  in  wc 
npou  the  material  composing  the  support.  But  if  the  latt 
iron,  which  does  not  yield  pennanoutly  to  the  blow  of  the  1 
the  detonation  of  tliose  substances  is  easily  accomplished, 
quantity  of  tho  esplosive  agent  employed  bo  so  cousiderab 
form  a  thick  layer  between  the  hammer  aud  support,  tl 
applied  is  to  so  great  an  extent  expended  in  imparting  motioi 
particles  of  tho  comprcssiblo  mass,  that  there  remains  little 
by  which  its  detonation  can  be  accomplished,  and  if  the  mat 
in  n  loose  or  porous  condition  (os  in  the  case  of  a  powder  or 
Wool),  much  work  has  to  be  accompliijLed  in  moving  jwrticlef 
muss  through  a  cc>m]>artttive]y  cousideitible  space,  in  the  opei 
compressing  them,  so  that  a  second  or  even  a  third  blow  is  i 
for  their  detonation ;  whereas  if,  by  blows  or  preBsnre  pn 
applied,  tho  exjdusivo  nintcrial  will  bo  presented  in  the  fo 
compact  muss,  tlio  particles  of  ivhicb  have  little  tendency  to 
when  force  is  applied  to  them,  detonation  will  be  much  more 
developed.  It  apjicars  therefore  that  the  detonation  of  an  a 
substance  by  iiieatm  of  a  blow  is  the  result  of  tho  development 
sufficient  to  bring  about  most  onergetic  chemical  action,  or  cht 
exj)euditiiro  of  furco  in  the  comprcsBion  of  the  nialeriiil,  or 
blishiug  vi<dont  friction  between  its  particles,  consequent  u 
motion  momcntitrily  imparted  to  them,  and  that  it  is  brougl 
with  a  readiness  proportinnate  to  tlie  resistauco  which  they  oj 
their  motion  liy  tlie  degree  of  their  contiguity  to  each  other. 

The  exceedingly  violent  motion  of  particles  resulting  fj 
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or  extremely  rapid  transformation  of  a  solid  or  liqnid 
a^e  body  into  highly  hosted  gas  or  vaponr  (which  is  tho 
uf  %  detonation),  must  olrrioualy  exert  force  which  operates 
1 »  body  opposed  to  it  in  a  manner  precisely  similar  to  the  force 
~  by  opp>i«iiig  a  body  in  the  jutth  of  a  solid  mass  which  is  set 
rapid  motion.  In  other  words,  a  detonation  exertH  a 
effect  npon  resisting  bodies  precisely  similar  to  that  of  a 
a  hammer  or  from  a  projectile  propcllwl  from  a  gnn. 
Um  ibroe  of  a  sn£Bciontlr  sudden  or  p<jwerful  blow  from  a 
is  transformed  into  heat  by  the  resistance  to  the  motion  of 
which  the  particles  of  an  opposing  body  offer,  and  by  the 
kt  friotiaB  established  between  them,  so  the  force  or  con- 
eaorted  by  the  matter  set  in  motion  when  a  solid  or 
li^nd  M  aoBferted  into  gas  or  vapour,  will  also  bo  trausforraed  into 
hiat,  dM  development  of  which  in  an  opposing  body  will  be  propor- 
t  to  th«  rcaistance  to  motion  which  its  particles  offer,  and  to  the 
\  and  violenoe  of  the  eoncnssion  to  which  it  is  subjected. 
of  aeoomplishing  the  detonation  of  nitro-glyccrine,  gun- 
Other  highly  explosive  snbstances,  freely  exposed  to  the 
r,  lliromh  th»  agency  of  detonation  prodnced  in  their  vicinity  or  in 
eoslaei  with  them,  appears  therefore  correctly  ascribable  to 
Iha  Waal  aoddcnly  developed  in  some  portion  of  the  mass  by  the 
mtAmunl  cAxst,  or  blow  exerted  by  that  detonation,  and  is  regnlatod 
^  A»  vioiaioe  and  suddenness  (either  singly  or  combined )  of  tho 
by  tbe  extent  to  which  the  particles  composing  the  mass 
CXpioaivu  niaturtal  are  in  a  condition  to  oppose  resistance  to 
and  by  tho  degrt«  of  sensitiveness  of  the  substance  to 
or  to  snddcn  motomorpbosis,  nndor  the  influence  of  heat 


will  now  be  evident  why  the  readily  yielding  nataro  of  the 
I  of  liqnid  nitro-glyoerine  tends  to  oouutcrnct  its  great  t/eam- 
I  to  detooatioo,  and  why,  when  the  motion  of  the  lirjuid  parti- 
'ad  by  their  admixture  with  solid  innttor,  and  when  they 
^nuullv  nlooed  in  a  jxieition  to  resist  mechanical  motion  by 
IW  foroe  rough  the  agency  of  detonation,  its  natural  sensi- 

Iw  .i^:.,...4Uuu.  and  tho  rapidity  with  which  it  can  be  trons- 
roMi  futiele  to  particle  bcaame  fully  developed. 
A^ifaa.  IM  rtdoction  «f  gun-cotton  fibre  to  a  fine  state  of  division, 
vUek  ttmAan  tlw  material  readily  convertible  into  very  compact  and 
places  the  particles  in  tho  conditiun  most  favourable  to 
lical  moliou  upon  tli(<  appli(»tinn  of  a  blow,  or  of  the 
I  rMsltisa  frcm  a  detonation  ;  hence,  compressed  gun-cotton 
mmJUikf  aiMea|ilibla  of  detanatiou  in  proportion  to  the  extent  of 
,firtoii     *  I    ':  V  and  coin pactnoas,  while  liMWo  gun-cotton 
U^tly  r  ooniprossad  material  cannut  be  rcivlily 

I  tlw  furc'<  aji|)luHl  is  expended  in  imparting  motion  to 
t  NmIOj  jioMlBg  puticlcM  uf  the  muss.    If  tho  force  np)>li(^l  through 
r  «if  a  datonator  to  a  mass  of  exploaivo  material  just  borders 
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upon  that  ri«iuiroil  for  tho  ik'vulopiiieiit  of  tho  detonation, 
cODilitiuD  of  tho  miiss  is  sncli  iis  hardly  to  present  tho  i-ocjuie 
ance  to  mechanical  motion  essential  for  its  lietouatinn,  thi 
intermediate  between  the  mechanical  dispersion  of  tho  mn 
violent  chemical  dispersion  or  disintegration,  i.  e.  detou 
obtained.  Thus,  fretjiient  instauce-t  have  been  observed,  esj 
tho  oxperimeuts  in  the  transmission  of  detonation  througi 
which  the  initiative  detonation  has  brought  about  an  oxplosio: 
with  little,  if  any,  destructive  efloct,  portions  of  tho  mass  b( 
same  time  dispersed  and  occasioniilly  iufliimed.  Not  only 
results  often  been  obtained  with  gun-cotlnu  and  dynamite 
mercuric  fulminate,  exposed  to  the  concussion  of  a  distant  i 
transmitted  through  a  tube,  lias  frequently  been  exploded  in 
quite  distinct  from  the  violoTjt  detoBintion  developeil  in  other 
Silver  fulminuto,  wliich  umier  ordinary  conditions  detonates 
even  when  only  a  particle  of  the  mass  is  Bubjected  to  a 
disturbing  influence,  has  been  exploded  without  tho  usual  c 
tions  of  force,  by  tho  transmitted  efl'oct  of  a  detonation  ol 
fulminate.  In  these  instances  the  violence  of  the  coucui 
duced  by  tho  initiative  detonation  was  only  just  borderin 
required  for  tho  development  of  detonation,  and  it  appears 
that  only  some  small  p<jrtiou  of  tho  mass  operated  upon 
condition  or  position  favom*nblc  to  the  action  of  the  initis 
The  remainder  of  the  mass  would  then  bo  dispersed  by 
developed  from  the  detonated  portion ;  in  some  instances  th 
would  bo  inflamed  at  the  moment  of  their  dispersion,  in  ol 
would  even  escape  ignition.  The  latter  ai>pear6  to  be  alwaj 
when  gun-cotton  is  exploded  by  a  bUnv  from  a  hammer 
weight.  Ilowcver  carcfuily  the  arrangements  are  adjusti 
view  to  distribute  such  a  blow  uniformly  over  tho  entire  mi 
the  oonccnlrutioii  of  a  preponderance  of  the  force  applied  i 
portion  or  portions  of  tho  entire  mass,  appears  almost  i 
hence  only  a  small  portion  is  actually  detonated,  the 
Iw.'ing  instantaneously  dispersed  by  tho  gases  suddenly  geneii 
the  weight  is  still  resting  upon  tho  sujijiort. 

Some  experiments  made  in  firing  at  mosses  of  comprc 
cotton,  differently  arrangod  and  of  different  thicknessei 
Martini-Henry  rifle,  at  short  rnngcf:,  afforded  interesting  oo 
of  tho  correctness  of  the  cxphiuation  given  of  tho  operation 
upon  masses  of  explosive  material  under  different  condition 
of  gun-cotton  of  the  same  density  and  diauicter,  but  differing 
ness,  wore  firetl  at ;  they  were  freely  suspended,  and  thei 
from  tho  marksman  was  in  all  instjincos  100  yards.  Thi 
disks  were  siniply  i>crforated  by  tho  bullets,  not  a  partic 
gun-cotton  being  ignited.  Somewhat  thicker  disks  were  in 
tho  impact  of  the  bullet,  while  still  thicker  disks,  fired  at  ' 
same  conditions,  were  exploded,  portions  being  in  some  insti 
]HM-sed  in  a  burning  state     No  instance  of  ilitonalion  was, 
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obteiiied.  Tlwae  differences  in  cfiect,  obtainccl  with  masses  of  different 
ihielmeaa  >nd  weight,  are  duo  to  the  difference  in  their  power  to  resist 
teal  motion  when  struck  by  the  bullet,  and  in  the  different 
aao«al  of  resistance  to  penetration  presented  by  the  thin  and  the 
lUeker  disks. 

It  baa  been  explained  that  nitro-glycerinc  may  be  largely  diluted 
with  iaeii  solid  mattors  without  its  scnsitivonoss  to  detonation  being 
ndaoed,  while  its  detonation  in  open  air  becomes  very  much  facili- 
tated, because  the  mobility  of  the  particles,  and  their  consequent  ton- 
daacy  to  yield  to  the  force  of  a  blow  or  detonation,  is  very  greatly 
diaixiisbed.     But  if  a  tolid  explosive  agent  is  diluted  with  inert  lolid 
■attcT  the  case  is  different;  for  in  such  a  mixture  of  the  finely  divided 
■olid  with  non-explosive  solid  particles,  there  must  bo  a  partial  and 
mstoaeB  «  complete  separation  of  the  particles  of  the  explosive  by 
^^^ApiBterposod  inert  particles  with  which  it  is  diluted  ;  hence  the  scnsi- 
^^^^H|MM  to  detonation  is  reduced,  and  its  transmission  by  the  particles 
^HN^Marded  or  altogether  impeded,   by  a  diminution  of  the  extent  of 
^K  nalMi  between  the  substance  to  be  detonated  and  the  initiative  deto- 
^^   Mlioa,  Bod  by  the  barrier  which  the  interposed  non-explosive  particles 
•9paw  to  the  transmission  of  detonation.    Thus  a  mixture  of  mercuric 
MmiBale  with  more  than  one-fifth  its  weight  of  French  chalk  could 
not  b«  detonated  by  means  of  one  grain  of  pure  fulminate  enclosed 
ia   ■   copper   capsole,  which   was   inserted   into   the   mixture ;   that 
qoaatily,  similarly  confined,  sufficed  to  detonate  undiluted  fulminate 
tfafongh  a  tnbo  8  inches  long  and  0  ■  5  inch  in  diameter.     In  experi- 
Banta  nade  in  this  direction  with  finely  divided  gun-cotton,  it  was 
fcokd  that  altliough  dilution  with  an  inert  solid,  applied  in  tlie  tolid 
farmk,  redaccd  the  scnRitivcncss  of  the  material  to  detouittion,  this  was 
Mi  tka  ease  when  it  was  incorporated  with  a  salt  soluble  in  water, 
Ika  iLitiirB  being  then  compressed  while   in  the  wet   state.     The 
masses  thos  obtained  were,  when  dried,  in  a  condition  of 
rigidity  than  ootdd  be  attoineil  by  submitting  nndilated  gun- 
to  oansidcrably  more  powerful  pressure,  because  the  crystal- 
of  the  Bolnble  salt  used  as  the  diluent  npon  evaporation  of 
eemented  the  particles  composing  the  mass  more  rigidly 
Tha  gnu-cotton  was  therefore  presented  in  a  form  more 
*~|TiMt  of  roaiatiog  the  mechanical  action  of  a  small  charge  of  fulmi- 
titm,  tiMn  a  tnoro  liighly  compressed  undiluted  gun-cotton,  and  henco 
Uw  radaetioa  in  soosittTeDeaa  dne  to  the  detonation  of  the  explosive 
aiau|Mimd  in  unu-ly  cnnnturbalunccd  by  the  greater  rigidity  imparted 
Ir  ibo  maaa.     If  a  B<dublu  oxidising  agent  (a  nitrate  or  chlorate)  be 
the  diluting  material,  the    prcnliiiposition    to   chemical 
it  and  the  gun-cotton  (which  is  susceptible  of  sumo 
'j'peant  to  operate  in  conjunction  with  the  oAxjt 
■f  tba  »>  ' I ;;  rigidity  t<i  the  mixture,  thus  rendering  the 

liMv  fvita  ■■  ••  the  det4)nating  action  of  the  minimum 

Maoaato  dwiigB  ■>  i-il  gun-cotton.     Muroovor,  the  interesting 

lart  taa  hHiB  ooneluaivriy  extaliliHliud,  tliat  these  compresso<1  mixturex 


Ika  wmter. 
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of  guu-cotton  with  a  nitrato  or  a  chlurate  are  mnob  less  is 
to  the  influouco  uf  detonating  nitro-glycorino  than  gun-cottc 
])uro  Btnto.  Ghloratod  and  nitrated  gun-cutton  aro  dotona' 
certainty  by  moans  of  ^  oz.  of  uitro-glycerine,  whereas  the  dc 
of  2  oz.  of  the  latter  accumpliBhod  the  detonation  of  ordini 
pressed  gun-cotton  only  onco  in  a  largo  number  of  ciperimeni 

If  compre88<}d  gun-cottou  in  diluted  by  impregnating  t 
with  a  liquid,  or  with  a  solid  ^\'liieh  is  iutroduce<l  into  the  n 
fused  state,  its  susceptibility  of  detonation  is  reduced  to  a  ve 
greater  extent,  tbon  by  a  corresponding  qvioutity  of  a  solid  in( 
incoq)orate<l  as  such  with  the'guu-cotton,  tbo  cause  being  the 
of  tliat  which  operates  in  ]>reveuting  n  reduction  of  the  sens 
to  detonation  of  nitro-glyccrino  by  its  dilution  with  an  in< 
In  this  case,  the  explosive  liquid  euvclo{)es  the  solid  dilui 
remains  continuous  throughout,  occupying  the  spaces  whi 
between  the  sidid  particles;  hence  detonation  is  I'cadily  osi 
and  transmitted.  But  io  the  case  of  the  solid  explosive,  the 
which  is  liquid,  or  at  any  rate  is  introduced  into  the  ma« 
liquid  state,  envelopes  each  particle  uf  the  solid,  so  that  a  fila 
material  snrronnds  each,  insolatiug  it  from  its  neighbours,  i 
oppoHing  resistance  to  the  transmission  of  detonation,  wliicl 
portionnte  to  tbo  original  porosity  or  absorbout  power  of  the  ; 

While  compressed  gun-cotton,  in  tbo  air-dry  state,  is  doto 
2  grains  of  mercuric  fulminate  imbedded  in  the  material,  its  di 
by  15  grains,  applied  in  the  same  wanner,  becomes  doubtfu 
contains  3  per  cent,  of  water,  over  and  above  tlie  2  per  cci 
exists  normally  in  the  air-dry  substance.  Speciniona  which  ) 
impregtmted  with  oil  or  soaked  in  melted  fat  and  allowed 
ci>uld  not  bo  detonated  by  means  of  15  grains  of  fulminate 
diluted  Bainples  of  gun-cotton  could  only  be  detonated  by  adc 
considerably  to  the  power  of  the  initiative  detonation  ;  100 
confined  fulminate  generally  failed  to  detonate  gun-cotton  c( 
from  10  to  12  per  cent,  of  water,  and  if  the  amount  reaches 
cent.,  200  grains  of  fulminate  were  needed  to  ensure  its  dotoi 

But  moiwt  or  wet  oompresswl  gun-cotton  is  decided 
Buscejitible  i>f  detonation  by  (dry)  compressed  gun-cotton  iti 
by  mercuric  fulrainate. 

Thus  100  gi'ains  of  dry  gun-cotton,  detonated  through  th 
of  the  ordinary  fulmiuato  fuze,  suffice  to  detonate  wet  gi 
cAntainiug  17  per  cent,  of  water,  though  this  result  is  soniei 
certain.  If  the  diluting  agent  amounts  to  20  per  cent.,  dotoi 
not  certain  with  loss  than  I  oz.  of  dry  gun-cotttm,  and  if 
pressed  material  bo  completely  satnratod  with  water  (i.e.  oc 
30  to  33  per  oent.),  4  oz.  of  the  air-dry  substance,  applied 
contact,  aro  needed  to  ensure  its  detonation. 

Detouiition  is  transmittcil  through  tubes  from  dry  compree 
cotton  to  a  moist  disk  of  the  material  with  the  saTiio  facili 
the  dry  substancu;  and  this  is  also  the   cose   with  regan 
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yiiif  girioa  of  detonation  from  ono  mass  of  moist  gnn-ootton  to 
«]iatli«r,  in  opon  air,  all  the  pieces  being  ranged  in  a  ri>w,  in  contact 
with  eaeb  otiter,  provided  that  the  pii'ce  first  doUmulcd  does  not 
I  water  Iban  the  tithers  to  which  dotonutifin  is  tratmniittod. 
.  results,  obtained  in  experiments  ou  the  transmission  of 
B,  with  gun-cotton  containing  different  proportions  of  water, 
to  inilicate  that  the  character  or  quality  of  detonation 
At/ttUnped  bj  gan-coUon  is  subject  to  modification  by  the  proportion 
at  water  whieh  tbe  latter  contains. 

Gia-«o*toB  containing  12  to  It  per  cent,  of  water  is  ignited  with 
■■eh  diflflolty  on  applying  a  highly  heate<l  bixly.  As  it  leaves 
Ihc  bydimnlio  press  npon  being  converted  from  the  pnlpod  state  to 
■■•m  having  aboat  the  density  of  water,  it  contains  about  15  per 
•MU  of  water;  in  this  condition  it  may  bo  thrown  ou  to  a  fire  or 
bald  in  a  flaine  without  exhibiting  any  tendency  to  bum  ;  the  masses 
may  be  perforated  by  means  at  a  red-hot  iron  or  with  a  drilling  tool. 
Mad  tli<7  may  with  perfect  safety  be  cut  into  slices  by  means  of  saws 
rwul»Mg  with  great  rapidity.  If  placed  npon  a  firo  and  allowed  to 
f«BMB  Uiara,  a  feeble  and  transparent  flame  flickers  over  tbe  surface 
«t  tke  wat  gnn-eotton  from  time  to  time  as  the  exterior  beoom«« 
itly  dry  to  inflame ;  and  in  this  way  a  piece  of  oomprosaed 
will  bum  away  very  gradually  indeed.  A  pile  of  boxes 
_  in  all  6  owt.  of  gun-cotton,  impregnated  with  about 
Mr  teat,  of  water,   when   surrounded    by   burning  wood   and 

in  a  wooden  building,  was  very  gradually  consumed,   the 

barning  aa  already  described  when  the  surfaces  of 
beoama  partially  dried.  In  two  other  experiments 
\  of  m*  gSD-ootton  of  20  cwt.  each,  packed  in  ono  instance 
m  •  1a<VB>  ■t*oBg  wooden  case,  and,  in  the  other,  in  a  number 
paddog  eaaoa,  were  placed  in  small  magazines,  very  sub- 
Ij  ooMtmeted  of  concrete  and  brickwork.  Large  fires  were 
Ttmad  the  package*  in  each  building,  the  doors  being  just 
i  ^lar.  Tba  «ntire  contents  of  both  buildings  had  burned  away, 
naythiag  approaching  explosive  action,  in  less  than  two 
Thin  mmparativoly  groat  safety  of  wet  gun-cotton,  coupled 
dw  fi^t  that  its  detonation  in  that  condition  may  be  readily 
thmagh  the  agency  of  a  small  quantity  of  dry  gon- 
wliicth,  thnragh  the  medium  of  a  fulminate  fuzo  or  deUmator, 
if  aada  to  aet  aa  the  initiative  det4>nating  agent,  gives  to  gnn-cotton 
iamftoal  adrantagaa  over  other  violent  explosive  agents  for  purpoaea 
vUak  iavolva  the  employment  of  more  or  lotia  con8i<lerable  qnan- 
■I  ooa  tbaa,  on  aeoonnt  of  tho  comparative  safety  attending  its 
)  aad  tba  naoanary  manipulation  of  it.  Moreover,  it  has  been 
by  experiments  of  many  kinds  carried  out  on  a 
,  aa  w^  as  by  accurate  scientific  observations,  that 
I  of  wet  gnn-ootton  is  decidedly  sharper  or  more  violent 
%am  that  «t  tba  dry  material ;  n  circumstance  which  affords  an 
of  tba  influence  exerted   by  the    physical 
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condition  of  tlio  maKs  upon  tlie  facility  with  which  deto; 
trnnsniittoil  from  piirticlo  to  purtiole.  In  tlie  dctorminatii 
by  means  of  tlie  Noblo  chronoscopo,  of  the  Tchicity  wii 
dotuuatiou  is  transmitted  along  layers  or  trains  of  gun-ci 
nitro-glycorine,  the  lecturer  bos  included  experiments  w 
cotton  containing  different  projiortions  of  water.  When  the 
contained  15  i>er  cent,  of  the  liquid,  some  iudicationB  were 
that  the  rate  of  trnuBmission  of  detonation  was  a  little  hij 
with  dry  gun-cotton;  the  difl'orcnce  was  very  decidedly  i 
of  wet  gun-cotton,  when  the  latter  was  thoroughly  »aturc 
water.  (With  air-dry  gun-cottim  the  mean  rate  of  trai 
ranged  in  several  eiiKsrimeuts  between  17,000  and  18,90C 
second  ;  with  guu-cfitton  contoining  about  30  per  cent,  of  ^ 
mean  rate  of  transmission  rouged  between  19,300  ami  19,95C 
second.)  The  air  in  the  musses  of  compressed  gim-cott 
reploced  entirely  by  the  comi)aratively  incompressible  ImmI 
the  jjarticles  of  explosive  are  in  a  much  more  favtiurablo  > 
to  resist  displacemeut  by  the  force  of  the  detonation,  oi 
they  aro  more  readily  susceptible  of  sudden  cheiiiie«l  disin' 
Moreover,  tho  variati(ms  in  the  rate  of  travel  of  detonotio 
grin-cotton,  resulting  from  differences  in  tho  compactness  oi 
of  different  masses  of  the  material,  aro  very  greatly  roduct 
entirely  oliminatod,  by  saturating  the  disks  with  water  i 
cqiinlising  their  power  of  i-esisting  motion  by  a  sudden  blow, 

Another  striking  illustration  of  the  influence  which  the 
character  of  an  explosive  substance  exercises  over  its  snscept 
detonation  and  tlie  degree  uf  facility  with  which  its  full 
force  is  devoloiMjd,  is  furnished  by  one  of  the  most  recently 
and  one  of  tho  most  interesting  of  existing,  explosive  agents. 

Twelve  years  ago,  soon  after  the  jirocews  of  producing  co 
and  granulated  gun-cotton  had  boon  elaborated  by  the  lei 
occurred  to  him  to  employ  these  forms  of  gun-cotton  as  ve) 
the  application  of  nitro-glycorine.  A  considerable  proportii 
liquid  was  absorbed  by  the  porous  masses  of  gun-cotton,  and 
glycerine  preparation  aualogous  in  choracter  to  dyuamito 
obtained.  The  absorbent  was  in  this  cose  a  violently  txplos 
instead  of  an  inert  solid  as  in  dynamite,  but  the  quantity 
glycerine  in  a  given  weight  of  the  preparation  { to  which  the 
Oli/oxilin  was  given),  was  confiiderably  lens  than  in  the  Kit 
preparation ;  hence  the  latter  was  nearly  on  a  jKiint  of  oqua! 
it,  in  regard  to  power,  as  an  explosive  ogent, 

Nobel  has  observed  that  it',  instead  of  making  use  of 
explosive  form  of  gun-cotton,  or  trinitrocollulose,  a  lower  p: 
nitration  of  coUulose  {the  so-called  soluble  or  collo<lion  gim-< 
added  to  nitro-glycerino.  the  liquid  exei-ts  a  [xjculiar  solvei 
n])on  it,  tho  fibrous  material  becoming  gelatinised  while  tl 
glyoorino  becomes  at  the  same  time  lixed,  tho  two  substances  fi 
a  product  having  almost  the  characters  uf  a  compound.    By 
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lag  only  from  7  to  10  per  cent,  of  soluble  gun-cotton  with  90  to 
88  per  cent,  of  nitro-glyccrine,  the  whole  becomes  converted  into 
■a  adltuMTe  pUstic  material,  more  gummy  than  gelutinons  in  chn- 
TMtair,  from  which,  if  it  bo  prepared  with  sufficient  care,  no  nitro- 
gUimiB*  will  separate  even  by  its  exposure  to  heat  in  contact  with 
WialoaB  p*p*sr,  or  by  its  prolonged  immersion  in  water,  the  com- 
poaanti  boing  nut  easily  eusceptiblo  of  separation  even  through  the 
•gwtej  of  •  solvent  of  both.  As  the  uitn>glycerine  is  only  diluted 
vith  •  aaaall  proportion  of  a  solidfying  agent  which  is  itself  an 
(thoagh  a  somewhat  feeble  one),  this  blasting  gelatine,  as 
I  called  it,  is  more  powerful  not  only  than  dyuiimite  but 
the  mixture  of  a  smaller  quantity  of  iiitro-glyccrino  with 
■MMt  explosive  guD-cotton,  ns  the  liquid  substance  is  decidedly 
violent  explosive  of  the  two.  Moreover,  as  nitro-glycerino 
a  small  amount  of  oxygen  in  excess  of  that  required  for  the 
jm/ftt  oxidatiou  of  its  carbou  and  hydrogen  constituents,  while  the 
■uhtUe  gon-cotUin  is  deficient  in  the  requisite  oxygen  for  its  com- 
plete transformation  into  thoroughly  oxidised  products,  the  result 
— -nlion  of  the  latter  in  small  proportion  with  nitro- 
prodactiou  of  an  explosive  agent  which  contains  the 
Kifi  oi  oxygen  requisite  for  the  development  of  the  maximum 
energy  by  the  complete  burning  of  the  carbon  and 
and  benoe  this  blastiug  gelatine  should,  theoretically,  be 
ill/  more  powerful  as  an  cxjtlosivo  agent  than  pure  nitro- 

_     That  snob  is  the  ease  has  been  well  established  by  numerous 
~  ts,  but  although  this  blasting  gelatine  may  be  detonated 

^aaoulo  by  means  of  small  quantities  of  confined  detonating 
vhsa  it  is  employed  in  strongly  tamped  blast-holes,  or 
Teiy  favoJJrable  to  the  development  of  great  initial 
it  behaTca  Tery  differently  from   tliat  material,  or  other 
■olid  tiwii|^b  plastie  pre]iaratioris  of  nitro-glycerine,  if  the  attempt  is 
to  4otmiat«  it  when  freely  exposed  to  the  air  or  ouly  partially 
•^      Tt  r„,t  iinly  needs  a  much  more  considerable  amount  of 
'!  ill  tonutiug  composition  than  dyuamite  and  similar 
[!.>   >ii>,  to  bring   about  a  detonation   with  it  under  those 
;    bat    when    as   much  as    15  or   20   grains   of  confined 
ars  detopoato<l  in  direct  contact  with  it,  although  a  sharp 
ooora,  little  or  no  destructive  action  results,  and  a  con- 
imrtiflfl  of  the  charge  operated  upon  is  dispersed  in  a  finely- 
•■dilMSi.     This  dispersion  appears  to   take  pliu-e  to  some 
■ttri'  '  lite  also,  when  a  small  nliargo  is  detonated  in 

7m  air,  ic  "f  its  want  of  rigidity,  though  the  amount 

■wfilfaffTr  wbioL  thui  oaoapes  detonation  is  very  small  as  compared 
•iib  Mm  fsbJtbML 

Is  •onparing  tli«  offsets  of  these  nitro-glycorinc  prcjiaratious  with 
mck  otfHr  simI  witb  oompre«sed  gnn-cott«)n  and  prcpunitiiins  of  it, 
by  dslMBUiiiS  eqoal  qnaoatios  qnito  nncouiinoil  U)iun  iron  plates,  the 
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rofiiilts  ftpiMMvr  to  establish  grcnt  Htiperiority,  in  point  of  ■ 
action,  or  dustructivc  effect,  of  tho  iiioro  rigid  ciplosivo  i 
gun-cotton  prwparations).  TliuB,  employing  iron  plat* 
thick  fsvipported  upon  an  anvil  witli  n  central  cavity), 
of  each  uatcrial  unconfined,  the  chnrgcs  being  nil  obou 
diameter,  exploded  by  detonators  of  equal  strength,  and  siiu 
upon  the  upper  Biirfuco  of  the  plate,  compressed  gun-cottoi 
a  considerahlo  indeutatiun  of  the  u]iper  sui-faco  of  the  plat 
Clucks  in  the  lower  surface ;  a  8j>ecie8  of  nitrated  gun-co 
tonitc,  produced  a  much  shiillower  indentation,  though  i 
marked  one,  but  did  not  crack  tho  lower  surface.  Dynamil 
only  a  very  flight  impressiou  upon  the  jilate,  and  none 
detected  by  tho  eye  on  tho  plate  nium  which  tlio  blustii 
was  exploded.  Tho  difficulties,  brought  out  by  past 
which  attend  the  contrivance  of  really  compamtive  testa  ol 
sive  jiuwer  of  such  substances  as  thoue  under  discussion,  is 
plified  by  the  foregoing  results,  which  wore  influenced  to  thi 
extent  by  tho  physical  characters  of  tho  several  substances  wl 
as  they  were  upon  these  iron  plates,  in  a  perfectly  unco 
dition,  so  that  the  juirticlos  were  free  to  yield  to  tho  i 
initiative  detonation  in  iiruportion  to  their  mobility.  B 
very  reason,  these  eiporimcnts  afford  excellent  illustrnt 
extent  to  which  the  dovolopnieut  of  detonation  and  tho  a 
its  trausiuission  tlirough  the  muss  ia  influenced  not  ( 
inherent  scnsitivouoBS  of  tho  substance  to  detonation 
cbouiicol  instability}  but  also  by  tho  degree  of  proneni 
particles  to  yield  mechanically  to  tho  force  of  a  blow  aa 
an  initiative  detonation.  Thus,  although  in  ct)mpariug  twc 
of  similar  physical  characters,  comjireased  gun-cotton  and 
nitrated  gun-cotton  or  tonito,  the  superiority  of  the  pure 
over  the  mixture,  in  point  of  sharpness  and  violence  of  ad 
illustrated,  a  comparison  of  the  result  furnished  by  tho  we 
four  explosive  ageuta  trie<l,  viz.  tonito,  with  that  of  th 
which  should  be  superior  to  all  tho  others  in  explosive  fo: 
blasting  gelatine)  domonatrates  tho  important  influence  whi 
paratively  great  rigidity  of  tho  mass  in  the  one  cose  exerts  i 
the  comiiJetenosB  and  sharpnoss  of  its  detonation  in  open 
great  dieadvaiitago  under  which  tho  othor  oiploaive  is  opp 
out  of  the  plastic  ond  therefore  readily  yielding  nature  of  t 
Bat  if,  by  exposure  to  a  moderate  degree  of  cold,  this  p] 
glycerine  preparation  is  made  to  freeze  (for  it  partakes  of  t 
of  the  liquid  itself  of  freezing  at  a  tcmporaturo  above  t 
point  of  water,  and  becomes  thereby  converted  into  at  It 
a  substance  aa  the  two  descriptions  of  gun-cotton)  its  deto: 
an  iron  plate  produces  an  indentation,  as  well  aa  a  deatri 
upon  the  lower  surface  of  tho  plate,  very  decidedly  greate) 
furnished  by  the  corresponding  amount  of  pure  compressed 
Similarly,  the  effect  produced  by  tho  detonation  of  dynao 
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i  of  tiie  kind  nscd,  is  bot  littlo  inferiur  to  that  of  gnn-cotton,  and 
II7  greater  tban  that  of  tomte,  if  it  ia  employed  in  the  frozen 


A  anies  of  eiporimenta  has  been  made  with  cylinders  of  lead 
IwTtng  •  central  perforation  1-3  inch  in  diameter  extending  to  a 
<by(h  of  7  inches  and  leaving  solid  metal  Ixueath  of  a  thickness 
nmging  frcnn  3-5  to  5*5  inches,  according  to  the  size  of  the  cylinders 
nmd.  Thtso  furnished  results  of  considernble  interest  as  illastrating 
Ibe  aetioa  of  the««  sevenil  detonating  agents.  Chnrges  of  1-25  oz. 
at  o^eb  txploeiTe  substance  were  used  throughout  the  experiments, 
•ad  wera  placed  at  tbe  bottoms  of  the  holes.  By  the  detonation  of 
Um  cbargea  the  cylindrical  holes  in  the  lead  were  enlarged  into 
Okvitiea  ^  •  pear  shape  (and  sometimes  approaching  the  spherical 
fbnn),  of  rarions  diameters ;  in  some  instances  the  mctnl  was  besides 
|«rtially  lorn  open  in  a  line  from  the  bottom  of  the  i  hargc-hole  to 
tbe  circumference  of  the  lower  face  of  the  cylinder ;  and  in  tlie  case 
of  •o«Be  of  the  gan-cotton  charges,  the  fissure  in  the  metal  in  this 
direetioo  was  complete,  the  base  of  tlie  block  being  scparntod  from 
A»  TCOAUidcr,  in  the  form  of  a  cone.  In  the  first  place  the  portions 
of  Ika boles  abore  the  charges  were  simply  left  open  ;  in  the  subsequent 
Myiiiaatts  they  were  filled  up  to  a  level  with  the  upper  surface,  with 
irj,  fise,  loose  sand,  or  with  water.  The  dimensions  of  the  cylinders 
wcv  inereased  in  snooessive  experiments  until,  in  the  case  of  every 
€■•  ot  tbe  ezplosiTes  used,  the  mass  of  metal  was  sufficiently  great  to 
aclaal  fracture  at  the  base  of  the  cylinder.  Under  the  con- 
of  tbcse  experiments,  more  or  less  considerable  resistance 
;  opposed  to  the  mechanical  dispersion  of  the  plastic  explosive 
I  their  detonation  was  greatly  facilitated,  though  even  then, 
lbs  holes  in  tbe  lead  blocks  being  IcA  open  to  the  air,  some  amount 
ti  Ibe  blsctiag  gelatine  evidently  escaped  detonation ;  the  widening 
tt  tbe  apper  pari  of  the  charge-hole,  in  experiments  of  this  nature 
ith   " 


the  gelatine,  indicated  that  detonation  was  transmitted  to 

I  nortioos  dispersed  in  the  first  instance  and  in  the  act  of  escaping 

tbe  block.     In  all  the  experiments,  whether  the  holes  were  left 

rm  nr  filled  with  Mud  or  water,  the  efii  ct  produced  upon  the  base 
tfM  block  by  the  detonation  of  compreesc^l  gun-cotton  was  con- 
iUsBaUy  mote  violent  than  with  the  other  explosive  agrnts,  indicating 
•  ikarpaeMcf  a<-tion  which  was  only  shared  by  the  blasting  gelatine 
vbHl  Had  •'■  a /roien  ttate  in  one  of  these  experiments.  The  diinon- 
I  of  lbs  eavitii*  produced  by  the  gelatine  were,  at  the  largest  part, 
hly  in^-atcr  than  those  produced  by  the  dynamite  and  nitrated 
ns-oottc'r  and  slightly  greater  than  those  of  the  gun-cotton 

OBmh;  I  ''  latttir,  the  fracture  of  the  base  of  the  cylinder  gave 

bmIb  aoat  of  the  eiBetiments  to  an  e8ca}H>  of  force,  so  that  in  those 
sasM  tba  efllKtc  of  the  detonation  could  not  be  well  compared  by 
aenia  of  the  cavities.  When  the  gelatine  was  converted  by 
:  into  a  rigid  mass  its  superiority  in  explosive  force  oven  over 
1  gnn^otlon  was  well  illus(ratc<l ;  the  base  of  the  lead  block 
IX.     (No.  70.)  o 
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WM  all  but  lilown  out,  the  cavity  prodnood  was  considerably  th 
and  tlio  Buddoimcss  and  violonco  with  wliich  motion  was  imj 
the  water  tiim[)ing  caused  the  t(»j>  of  tho  block  also  to  bo 
in  the  form  of  a  cone.  An  excellent  illustration  was  obti 
comparing  this  result  with  those  furuisbod  by  the  gelatic 
normal  plastic  state,  of  the  intlaence  exercised  by  the  phyi 
ditioQ  of  an  explosive  substance  U]>on  the  rapidity  and  com 
with  which  detonation  is  transmitted  through  its  mass. 

The  diflieiiltios  attending  the  application  of  bhisting  ge 
some  directions  in  which  eiplosive  agents  are  apjdied,  on  n 
the  uncertainty  attending  the  development  of  its  explosive  fc 
with  the  use  of  a  comparatively  powerful  dotonnttir,  unless  i 
strongly  confined,  has  led  to  attempts  to  reduce  its  non-seni 
to  detonation  by  mixing  it  with  materials  intended  to  opera 
by  virtue  of  their  comparatively  groat  sensitiveness,  or  of  t 
perty,  as  solids,  of  reducing  the  very  yielding  character  of 
stance,  or  in  both  ways. 

Some  of  those  attempts  have  boon  attended  with  con 
Bnooesa,  Thus  the  incorporation  of  about  10  per  cent,  of 
explosiTe  form  of  gun-cotton  or  tritiitrocelluloso,  in  a  re 
divided  state,  with  the  gelatine,  renders  it  so  much  more  sous 
it  can  be  dctonatt^l  with  certainty  in  tlie  open  air  by  mea: 
strongest  detonating  cap  now  used  for  cx])lixling  dynamit 
effect  ajipoars  to  be  less  due  to  the  comjiarative  BensitiveneB 
cotton  to  dotoniitiiin  than  to  the  moditioation  effected  in  theco 
of  the  material,  which,  though  still  plastic,  offers  decidedl 
resistance  to  a  blow  than  the  original  gummy  substance.  ' 
tides  of  hollow  fibre  of  the  gun-cotton  appear  also  to  have  th 
absorbing  small  (inantitios  of  uitro-glycertne  which  arc  less 
unitetl  with  the  soluble  gun-cotton  than  the  remainder,  ac 
existing  as  they  do  in  somewhat  variable  proportions  in  the 
have  occasionally  an  objectionablo  tendency  to  exudation,  i 
corporation  of  the  ingredients  has  been  less  jwrfect  than  usr 
substance,  when  modified  as  described,  has  no  longer  thatgr 
sivcnosa  which  is  cxhibitoil  by  it  in  the  original  state,  ai 
renders  it  less  easy  to  manipulate. 

Lastly,  its  explosive  force  a]ipoars  to  be  in  no  way  dimic 
this  mmliiication  of  its  composition,  on  the  contrary,  its  supe 
this  respect  to  compressed  gun-cotton  becomes  more  ma 
demonstrated  by  some  of  the  experiments  with  lend  blocks, 
action  partakes  of  that  sharpness  peculiar  to  the  detonati* 
rigid  gun-cotton,  as  indicated  by  the  fissure  of  that  part  of  \ 
situated  beneath  the  charge.  Finely  divido<l  cotton  fibre  has 
oflfict  to  trinitrocellnlose  in  modifying  tlie  physical  chan 
increasing  the  sonsitivouesB  to  detonation  of  the  blasting  gell 
it«  explosive  force  is,  of  course,  proportionately  reduced 
dilution  with  an  inert  substance, 

Nobel  has  made  the  tntere.sting  observation,  that  an  additi 
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gdatiaa  of  sniall  proportions  of  certain  sobeiances  rich  in 

kjdrogeu,  which  are  soluble  in  nitro-glycerine,  saoh  as 

nitro-benBol,  increaaes  to  a  remarkable  extent  the  nou- 

to  detonation  of  the  original  material ;  and  this  obser- 

I  faaa  led  to  experiments  being  conducted  by  engineer  officers  in 

Aaatrim,  with  a  vieir  cf  endeavouring  to  convert  the  blasting  gelatine 

(Bto  %  malerial  which  should  compete,  as  regards  somo  special  advuu- 

lagca  in  ]Kitut  of  safetj,  with  wet  gun-cotton  in  itn  appUi^tiou  to 

■tlttarr  and  naval  purposes,  and  especially  as  regards  uon-liubility 

la  lirlnnstion  or  explosion  br  the  impact  of  rifle  bullets.      If  boxes 

wilaining  drjr  oom pressed  gnn-cotton  are  fired  into  from  small  arms 

•I  ft  abort  nuge,  the  gun-cotton  is  generally  inflamed,  bnt  has 

known  to  explode ;  the  sharpness  of  the  blow  essential  to 

latter  remit,  which  the    ballet    might  otherwise   give,   being 

'   by-  its  penetration   through  the  side  of  the  box  before 

J  the  explosive.    It  is  scarcely  necessary  to  state  that  wot  gun- 

lOsataiiiing  even  as  little  as  15  percent,  of  water,  is  never 

tbeae  conditions.     On  the  other  Land,  dynamite  is 

Bfably  detonated  when  struck  by  a  bullet  ou  passing  through  the 
Df  tbe  box,  and  blaslLug  gelatine,  though  so  much  less  sensitive 
dJjrawnile,  behaves  in  the  same  way  in  its  ordinary  as  well  as  in 
koina  condition.     The  Austrian  experiments  indicated  that  the 
rhcn  intinuktely  mixed  with  only  1  per  cent,  of  cnmplwr, 
f,  thuogh  not  invariably,  escaped  explosion  by  the  impact  of 
that  when  the  proportion  of  camphor  amounted  to  4  per 
.  th»  material  was  neither  exploded  nor  inflamed,  though,  in  the 
■late,   it   was   still    liable   to   occasional    explosion.      Those 
oonaidered  indicative  of  a  degree  of  safety  in  regard 
l»  ivwioa  esiganeiea,  approaching  that  of  wot  compressed  g^nn-cotton. 
Tba  CMBfliaratted  gelatine  still  labours,  however,  under  the  disod- 
of  being  readily  inflammable,  and  of  burning  fiercely,  and 
eatly,  of  giving  rise,  like  dynamite  and  dry  gun-cotton,  to 
asploaion.  or  detonation,  if  burned  in  considerable  bulk  ;  a 
,  which  wna  explained  by  the  lecturer  in  his  discourse  delivi>rcd 
■1  Am    Boyml   Institution    in    1872.       Moreover,    the    caraphontted 
tine  is  so  difficult  of  detonation  by  the  means  ordinarily 
a  large  initiative  charge  of  a  very  violent  detonating 
'  iing  of  pure   specially  prepared  trinitrocellulose  and 
I  ia  prcaoribed,  by  the  Austrian  experimenters,  as  being 
I  la  ito  pni|tcr  detonation. 

I  of  eaiuphor  and  of  other  substances  rich  in  carbon  and 

I  in  ndnoing  greatly  the  sensitiveness  to  detonation  of  the 

ef  auloble  gnn-«otton  and  nitro-glycorine,  is  not  to  be 

I  la  aajr  physical  modification  of  that  material  produced  by  the 

1  tt  Mnh  sobatances,  and  no  satisfactory  theory  can  at  present 

he  aivsaeed  la  •oeonnt  fur  it  on  chemical  grounds. 

Ik  aomhorsttod  oeUtiui!,  like  Nobel's  original  gelatine  itself, 
■ST  he  kept  UMBcwwd  la  water  for  s  considerable  time  without  any 
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important  cLongo ;  the  aorfooe  of  the  muss  thua  immersed 
white  aud  opaque,  apparently  in  cousequonce  of  Bome  small  a) 
of  water,  but  no  nitro-glycoriue  is  separated,  and  on  re-ex] 
the  air  the  material  gradually  assumes  once  mure  its  originf 
It  lias  consequently  been  proposed  to  i-ender  the  storage  of 
golntino  coiiiimratively  safe  by  keeping  it  immersed  in  9 
required  for  use,  but  the  test  of  time  is  still  needed  to  esta 
unalterableness  of  the  material  under  this  eundition. 

There  can  be  little  question  that  this  interesting  nitro-^ 
preparation,  either  in  its  most  simple  form,  or  modided  ii 
ways,  by  the  addition  of  other  ingredients,  promises,  by  virt 
groat  peculiarities  as  a  detonating  agent,  to  present  meant 
jwrtantly  extending  the  application  of  nitro-glycerine  to  i 
purposes ;  aud  it  is  not  improbable  that,  through  its  agency, 
violent  of  all  explosive  agonts  at  present  producible  npon  a  la 
may  also  come  to  acquire  special  value  for  important  war-pu 

It  has  been  pointed  out  that  the  complete  solidities 
freezing,  of  plastic  preparations  containing  nitro-glycerine, 
dynamite  and  the  blustiug  gelatine,  has  the  effect  <»f  facilitt 
transmission  of  detonation  throughout  the  mass,  and  of  thusdi 
or  increasing  the  violence  of  their  action,  under  certain  com 
their  applications,  i.  e.  when  tlioy  are  either  freely  exposed 
not  very  closely  or  rigidly  c^mfinod.  Bat  while,  under  circt 
favourable  to  the  detonation  of  these  substances,  when  in  t 
state,  their  full  oxplosivo  force  is  thus  much  more  readil; 
than  when  they  are  in  their  normal  (thawed)  condition,  tl 
substances  are  less  sensitive  to  detuuation  by  a  blow  or  an 
detonation.  On  the  other  hand,  if  subjected  to  the  rapid  aj 
of  great  heat  (as  for  exnmplo  by  the  burning  of  portions  of 
the  explosive  substance  itself),  a  detonation  is  much  mor 
brought  abont  with  the  frozen  material  than  if  it  bo  in  it 
condition.  Thus  a  package  containing  50  lb.  of  cartridges  > 
dynamite,  when  surrounded  by  fire,  burned  away  without  at 
tion  of  explosive  action;  on  submitting  lU  lb.  of  frozen  dyt 
the  same  treatment,  that  quantity  also  burned  without  e 
though  at  one  time  the  comhnstiou  was  so  fierce  as  to  ini 
uppr<jach  to  explosive  action  ;  but  when  tho  experiment  was 
oil  tho  same  occasion  with  1.5  lb.  of  frozen  dynamite  a  vei 
detonation  took  place  after  tho  mnturial  had  boon  burning  fc 
time,  a  deep  crater  being  produced  in  tho  ground  beueath. 

Tho  following  is  offered  as  the  most  probable  explanatio 
result.  When  a  mass  of  dynamite,  as  iu  those  cartridges,  ii 
to  sufiScient  cold  to  cause  tho  nitro-glycerine  to  freeze,  it 
become  uniformly  hardened  throughout,  partly  because  i 
variations  in  the  proportion  of  nitro-glycerine  in  different  pt 
tho  mixture  composing  tbe  cartridge,  aud  partly  because  u 
exposure   to   cold   be    very  prolonged  the  external  portion 


b 


[1879.) 


tm  Btemt  Delonating  Agents. 


88 


eartiirlges  will  be  frozen  harder  or  more  thoroughly  than  the  iuterior. 
U  may  thiu  ariae  that  portions  of  only  partially  frozen  or  Btill 
>  djrniimite  may  be  more  or  lees  completely  onclosed  in  hard 
or  strong  enrelopes,  of  perfectly  frozen  nnd  comparatively 
rrtj  cold  dyamite.  On  exposure  of  such  cartridges  to  a  fierce  heat 
Trry  rapidly  applied,  as  would  result  from  the  burning  of  a  con- 
■iderabl«  quantity  of  the  material,  some  portion  of  one  or  other  of 
Um  eutiidgea  would  be  likely  to  )«  much  more  readily  raised  to  the 
"  '  J  or  exploding  pnint  than  the  remaining  more  perfectly  frozen 
which  it  is  partly  or  completely  imbedded.  If  tbe  ignition 
portion  be  brought  about  (which  it  will  be  with  a  rapidity 
ionat«  to  the  intensity  of  heat  to  which  the  caitridgo  is 
1),  the  envelope  of  hard  frozen  dynamite  by  whioh  it  is  still 
or  leu  completely  eorrounded  and  strongly  confined,  will 
[•petBte  like  the  metal  envelope  of  a  detonator,  in  developing  the 
'lilJal  preamre  eeaential  for  the  sudden  raising  of  the  more  readily 
hie  portion  of  the  dynamite  to  the  temperature  necessary  for 
en  transformation  of  the  nitro-glycerino  into  gas,  and  will 
'flkM  bring  about  the  detonation  of  a  portion  of  the  cartridge,  which 
will  act  aa  the  initiative  detonator  to  the  remainder  of  the  dynamite. 
Ob  igniting  se{)arately,  at  cnc  of  their  extremities,  some  dynamite 
irlliiigw  which  had  been  buried  in  snow  fur  a  considerable  period, 
tbe  leetorer  has  observed  that,  as  the  frozen  material  gradually 
bamad  away,  very  sliglit  bnt  sharp  explosions  (like  the  snapping  of  a 
iHnll  iwmiiaaion  cap  on  a  gun  nipple)  occurred  from  time  to  time, 
r^rtiinf  of  the  frozen  dynamite  being  scattered  with  some  violence. 
did  not  mooeed  in  obtaining  actual  detonation  by  thus  burning 
eartridgeB  surrounded  by  others  in  a  similar  condition,  but  he 
haoB  informed  by  Mr.  McBoberts,  of  the  Ardeer  Dynamite  Works, 
he  baa  more  than  once  dctouutcd  a  small  heap  of  hard-frozen 
weighing  altogether  one  pound,  by  igniting  one  cartridge 
■arroondcd  by  the  remainder.  These  facts  appear  to 
the  correctness  of  the  foregoing  explanation.  They 
I  to  (be  danger  of  assuming  that,  because  dynamite  in  the  frozen 
is  leaa  wuntire  to  the  effects  of  a  blow  or  initiative  detonation, 
llie  thawed  material,  it  may  therefore  be  submitted  without 
eare  to  the  action  of  hcut,  for  the  purpose  of  thawing  it. 
cf  the  detonation,  with  disastrous  results,  of  even  single 
of  tnmea  dynamite,  through  the  incautious  application  of 
beat  (as  for  example  by  placing  thorn  in  an  oven,  or 
I  to  •  be),  have  been,  and  are  »till,  of  not  uufroquent  occurrence, 
liMMMb  Mr.  Nobel  has  insisted  upon  the  application  of  heat 
lA  IM  agency  only  of  warm  water,  as  the  sole  reliable  method 
«f  mMj  thawing  dynamite  cartridges. 

Wlule  the  senaitivaneos  to  detonation  of  air-dry  gun-ootton 
MBMM  iiiiilhiiiul  bjr  gNftt  reduction  in  temporatnre  of  the  mass,  and 
wbQ*  ta  thu  i— pect  it  presents  advantages  over   nitro-glyoerine 
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preparatiuuK,  wet  gun-cotton  becomes  very  decidedly  more  bo 
to  detonation  when  frozen.     Tims  the  detonation  of  gun-co' 
taining  an  addition  of  from  10  to  12  per  cent,  of  wiilcr  is  ( 
uncertain  with  the  employment  of  100  {^»iu8  of  strongly 
fulminate,    and   200   grains  nrc   required  for  tlic   detunatici 
substance  when  contaiiiinp;  15  to  17  per  cent,  of  water;  but 
in  a  frozen  state  can  be  detoniited  by  means  of  30  grains  of  f 
and  15  grains  are  just  upon  the  margin  of  tlie  amount  ruqi 
detonating,   with  certainty,   fro/on   gun-cotton  contuiniiig 
per  cent,  of  water.      The  deadening  effect  of  solid  water 
eensitiveuesB  of  gun-cotton   to  detcmatiou  is,  in  fact,  iuti 
between  thot^o  of  a  liquid  and  of  inert  solid  substances. 

The  ctfycts  produciid  and  jiruducts  furmcd  by  the  exp 
guD-cotton  in  perfectly  closed  sjinccs,  both  in  t!ie  loose,  and 
pressed  form,  and  by  its  dctuiiiitiiui  in  the  dry  and  the  wet  si 
been  niodo  the  subject  of  study  by  Captain  Noble  and  Mr. 
method  of  research  pursued  being  the  same  as  that  followed 
publifihe<l  researches  on  fired  gunpowder;  results  of  cob 
interest  in  regard  to  the  beat  of  explosion,  the  prossares  d 
and  the  products  of  explosion  of  dry  and  wot  gunnjotton  1 
obtained,  which  are  about  to  bo  communicated  to  the  Royal  i 

It  iiiny  briefly  bo  stated  that  the  temperature  of  explosioi 
cotton  is  more  than  double  that  of  gunpowder  (being  about  4 
that  the  tciiBion  of  tlie  prnducts  of  explosion,  assuming  the 
to  fill  entirely  the  space  in  which  it  is  fired,  is  considerably  n 
double  tluit  of  the  jiowder-products  under  the  same  coiulitit 
the  products  obtained  by  the  explosion  of  dry  gun-cotton 
paratively  simple  and  very  uniform  under  different  oond 
regards  pressure  ;  that  the  products  of  dcUmaiion  of  thif  g 
do  not  differ  materially  from  those  of  its  explosion  in  a  confin 
but  that  those  furnished  by  the  detonation  of  wet  gun-cottoi 
acme  interesting  points  of  difference.  Messrs.  Noble  and 
extending  their  investigations  to  the  nitro-glyceriue  preparat 

The  great  advance  which  has  been  made  within  the  lai 
years  in  our  knowledge  of  the  conditions  which  determine 
racter  of  the  metamorphosis  that  explosive  substances  undi 
which  develop  or  control  the  violence  of  their  action,  finds  lU 
in  the  progress  which  bos  been  made  in  the  production,  {m 
and  application  of  the  two  most  prominent  of  modern  cxplosii 
nitro-glycerine  and  gun-cotton.  Discovered  at  nearly  the  sa 
loss  than  forty  years  ogo,  the  one  speedily  attained  groat  pro 
on  account  of  the  apparent  ease  with  which  it  could  be  prep 
put  to  jiractical  use  ;  a  prominence  shitrt-livtd,  however,  be< 
first,  and  somewhat  rash,  attempts  to  utilise  it  preceded  the  ao 
of  sound  and  suflicient  knowledge  of  its  nattiro  and  propertiei 
many  years  afterwards,  when  the  difijculties  utteudiug  its 
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mtaX  appcarod  to  hkve  been  sannoiintcd,  the  confidence  of  its  most 
iaiiArti0»U«  partiauis  nnd  etannchost  frien<l6  received  a  riido  shock, 
Craoi  which  it  needed  the  support  of  mnch  faith  and  some  fortitude 


nwhile,  the  other  snbst&nce,  which  now  eliares  with  it  the 
of  important  victories  won  over  gunpowder,  continued  to 
b«  gBOerally  regarded  as  a  dangerous  chemical  curiosity,  even  for 
■oae  time  after  its  present  position  as  one  of  the  most  important 
iaiMtrial  products  and  nsofal  explomvo  agents  was  being  gradually 
bal  Cnnly  aecvted  for  it,  step  by  stop,  by  the  talent  and  untiring 
I  single  individual. 

,  &om  the  day  of  its  discovery,  the  fortunes  of  gun-cotton 
■oed  to  fluctuate,  and  much  adversity  marked  its  career,  until  at 
iea  became  well  understood,  and  its  position  as  a  most 
i>le  exploeiTe  agent,  applicable  on  a  large  scale,  with  cast*, 
■plicity.  and  with  a  degree  of  safety  far  greater  than  that 
M  y«t  poaaened  by  any  other  substance  of  this  class,  has  now  become 
thoKMighly  established.  Since  the  lecturer  last  discoursed  on  the 
t  of  gan-ootton,  seven  years  ago,  this  material  has  attained  a 
fcoCing  as  one  of  the  most  formidable  agents  of  defence  and 
For  all  military  engineering  operations,  and  for  employment 
ia  aafaniarine  mines  and  torpedoes,  compressed  gun-cotton,  stored  and 
wed  in  the  wet  condition,  has  become  the  accepted  explosive  agent 
ia  Gnat  Britain ;  within  the  lost  five  years  upwards  of  550  tons  have 
Vms  BannfiKtnred  for  this  purpose,  and  are  distributed  over  our 
doflf  Mnral  stations  at  home  and  abroad.  Germany  some  years  since 
eopisd  wu  ayctem  of  manufacture  and  use  of  gun-cotton  ;  France  has 
|l«*ided  itaelf  with  a  large  supply  for  the  same  purposes,  and  Austria, 
!  die  aoqaisition  of  bitter  experience  of  the  uncertainty  of  gun- 
ia  the  earlier  stages  of  histiiry,  naturally  gavu  rise  to  a 
■mpticism  regarding  its  present  trustworthiness,  sppearK 
■bo  about  to  adopt  wet  gim-cotton  for  military  and  naval  use^. 
Bat  while  the  nscfnlness  and  great  value  of  compressed  gun-cotton 
ia  than  iaportant  directions  has  been  established,  its  technical  nppU- 
atioB  haa  made  but  »low  progress  as  compared  with  that  of  the  sinipin 
■InNglTOoriae  nreparation  known  as  dynamite,  which,  in  point  of 
Mil  of  pcodootion  and  convenience  for  general  blasting  purposes, 
OB  dabo  aaperiority  over  compressed  gun-cotton.  Already  in  1867 
a  aaahcr  of  djnamitc  factories,  working  under  Nobel's  supervision, 
~i  ia  diflinvnt  countries  ;  in  that  yuir  the  total  quantity  manu- 
MDOoatcd  to  II  tMiis ;  in  another  year  the  produce  had 
itoTStoos;  in  1871!  it  had  att4iined  to  1.350  tons.  Two  years 
]■  the  total  production  of  dynamite  was  nearly  troblod,  and 
ia  1878  it  amnuntad  to  G140  tons. 

Tf.  -      -    ns  many  aa  fifteen  factories  in  different  parts  of  the 
««rid  ^g  a  very  extensive  one  in  Scotland;  working  under 

Iha  npcrnMon  of  Mr.  Nobel,  the  originator  of  the  nitro  glycerine 
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indnstry,  and  some  six  or  seven  other  establisbmenta  ex 
dynamite  or  preparations  of  very  similar  character  are  al 
&ctnred. 

How  far  the  rate  of  prodnction  of  dynamite  will  be  affecl 
further  development  of  the  valne  of  Nobel's  new  prepan 
blunting  gelatine,  it  is  difficult  to  foresee,  but  there  app< 
prospect  of  an  impoi^nt  fatore  for  this  very  peculiar  and  n 
detonating  agent. 

It  is  hoped  that  the  subjects  dealt  with  in  this  discoa 
interesting  illustration  of  the  intimate  connection  of  scientifii 
with  important  practical  achievements. 

•       [F. 


i%oi>al  fusutution  of  (S^rrat  lintain. 
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WtLUAM  SroTTiswooDB,  Esq.  M.A.  D.C.L.  Pros.  U.S.  ift<^ 
Vice-President,  in  the  Chair. 

H.  Hkathcotb  Statham,  Ewj. 

The  Logic  of  ArchtUctural  Design. 

AauuiBorovB  msy  bo  most  comprehcusivcly  defined  as  "  tho  art  of 
hiiliiliiig  with  ezpreasion;"  bnt  in  order  to  tjstimnto  rightly  tho  capn- 
bilitiiw  Kid  the  limits  of  tho  art  as  thus  defined,  it  is  necessary  to 
bear  in  mind  that  it  differs  from  other  arts  which  appeal  to  the  senso 
of  ag^  in  two  essential  particulars.  In  the  first  place,  it  is  nn  art 
■riaag  out  of  practical  requirements  and  governed  by  practical  cou- 
^tioBa.  If  we  did  not  want  buildings  to  shelter  us,  there  would  be 
■O  Brehitoctnre ;  if  we  do  not  build  them  in  accordance  with  true 
ounditions,  they  fall  down.  Secondly,  architecture  as  an  art 
DO  direct  refisrenoe  to  nature,  and  does  not  copy  natural  forms : 
~  '  probftbly  one  reason  why  there  is  so  much  more  uucertaiuty 
JiyrgCBce  of  opinion  in  regard  to  this  art  than  in  regard  to 
ion  or  painting.  The  latter  arts  express  themselves  through 
difoetly  imitahid  from  nature ;  so  that  if  (to  put  an  extreme 
omd)  ■  punter  reproaented  a  man  with  two  heads,  wo  need  listen  to 
•o  maoa  on  the  sobject,  we  simply  condemn  him  on  onr  knowledge 
of  IIm  facts  of  nature.  It  may.  however,  be  just  as  wrong  fur  on 
to  pat  two  towers  where  there  should  be  only  one,  or  a 
r  whsre  there  should  be  a  buttress ;  but  the  right  or  wrong  of  tho 
is  in  this  esse  baaed  not  on  reference  to  the  concrete  facts  of 
I  ia  bar  physicsl  aspect,  but  on  a  process  of  abHtract  reasoning 
fw  people  take  the  trouble  to  go  through.  Tho  main  priu- 
I  wliicti  should  form  the  basis  of  such  reasoning  may  be  briefly 
'  in  the  following  axioms,  which  embody  the  fundamental 
fwiwiplrs  of  what  may  be  called  "  architectural  morality." 

1.  Anikiteotare,  being  bssed  on  practical  requirements,  can  only  bo 
^nm  sad  logioal  so  &r  as  it  is  in  accordance  with  and  expresses  these. 

9.  Tbe  plsa  of  the  building  is  tho  basis  of  tho  whole  design.  A 
pwl  plsn  is  ono  in  which  the  various  departments  are  arranged  aii<l 
MmMmJ  is  such  a  manner  as  to  insure  the  greatest  conveuiouco  and 
fka  b^Mssibls  sfleoi. 

8.  Tbe  codaciar  grouping  and  design  of  a  building  should  arise 
•M  of  ami  tndieale  tlio  interior  plan  and  arnuigcmcut. 
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4.  The  architectural  design,  both  internal  and  external,  all 
ont  of  and  express  the  scientific  construction  or  the  "  static 
building. 

5.  Omamont  must  bo  so  introduced  as  either  to  emphasii 
Btruction  or  to  bo  manifestly  iadependont  thoreof,  and  nn 
signed  with  reference  to  the  material  in  which  it  is  to  b< 
and  the  climate  under  which  it  is  to  be  seen. 

6.  No  feature,  not  arising  out  of  the  plan  or  constructi 
added  to  the  architectural  design  of  a  building,  under  t' 
that  it  is  "  omomentaL"    Such  a  feature  is  on  architectural 

It  would  not  be  to  the  purpose,  however,  to  endeavoi 
illostrate  these  maxims  by  an  attempt  to  evolve,  in  acoon 
them,  a  perfectly  logical  architecture  out  of  the  depths  uf 
oonsciousneBs.  Tliat  is,  in  fact,  what  never  has  been  di 
whole  history  of  the  art,  as  far  as  we  know ;  for  the  very  i 
all  true  architecture,  as  remarked  above,  arises  out  of  pTacti( 
ments,  and  is  a  continual  attempt  to  improve  upon  the 
meeting  these  roqiiiremciits  and  of  giving  Beathetio  eiprcssi' 
BO  that  every  change  in  the  form  and  style  of  architecture 
linked  with  and  developed  from  that  which  preceded  it. 

Whenever  this  has  not  been  so,  it  is  because  some  parti 
of  the  architecture  of  the  past  has  been  seized  upon  for  re 
and  imitation,  consciously  and  on  sentimental  ritthcr  tl 
grounds;  a  proceeding  which  has  always  resulted  in  p 
sense  of  pretence  and  unreality,  dissatisfying  in  the  end  ev 
who  have  initiated  the  movement. 

We  may,  however,  usefully  study  the  illustratiou  of  the 
of  logical  design  in  architecture  oa  exhibited  in  the  two  g 
most  complete  of  existing  styles — the  Greek  and  tho  Gothr 

The  Greek  Doric  temple  was  structurally  a  very  simpl 
consisting  of  a  central  cell  with  a  kind  of  "  verandah"  rouni 
of  upright  pillars  which  carried  horizontal  beams,  which  aj 
short  vertical  blocks  supporting  the  cornice,  which  on  tl 
the  building  formed  the  termination  of  the  slope  of  the  ro< 
tho  ends  there  was  also  a  raking  cornice  defining  the  a) 
roof-slope,  and  forming  the  finish  of  the  roof  in  the  1 
direction. 

Now,  if  we  denude  the  Doric  temple  of  every  feature  v 
necessary  to  its  stability,  and  reduC'O  it  to  its  mere  ( 
elements,  we  have  such  a  building  as  is  represented  in  th 
side  of  Fig.  1 ;  an  erection  merely  of  square  stone  supp 
ing  stone  lintels  laid  from  one  to  the  other,  these  in  tu 
the  shorter  vertical  blocks  which  support  the  cornice,  a 
which  are  loft  square  openings — "  metopes"  (|jtTtiJ7ra),  i 
spaces — which,  probably,  in  tho  simpler  and  earlier  form 
that  preceded  the  complete  temple,  were  left  merely  as  c 
light  or  air.      If  we  regard  such  a  structure  as  repiei 
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ekments  of  tho  Doric  temple,  and  consieler  what  arc  tbe 
Botivea  for  the  architectural  treatment  given  to  the  varioua  features, 
«B  eaa  without  much  difficulty  trace  in  imagination  the  stages  of  trons^ 
fcwtioti  throogh  which  the  square  column  might  have  gone  in  attain- 
iBg  its  complete  form  as  a  Doric  column.  It  would  soon  appear,  for 
sninple,  that  the  square  column  had  a  heavy  and  ponderous  effect, 
tad  tlwt  it  would  fulfil  its  practical  ends  just  as  well  if  the  angles 
««t«  cut  o^  10  as  to  lighten  it  in  appearance  and  render  it  more  elegaoit 
is  edect,  and  from  this  it  would  be  an  obvious  step  to  remove  the 
M^^M  Again,  and  reduce  it  to  a  figure  of  sixteen  sides  (A,  B,  C,  Fig.  1). 
B«t  it  would  be  foond  that  on  doing  this  the  planes  of  the  contiguous 
tuttm  uf  the  shaft  lay  at  too  small  an  angle  to  one  another  for  effect, 
tlMl  IB  oert«in  lights  the  angle  of  incidence  of  the  two  planes  would 
l»  anriy  lost  to  the  eye,  and  hence  tho  practice  of  slightly  hollowing 
tmth  &OB  BO  as  to  emphasize  the  meeting  angle  by  a  line  of  light  and 
ibadow.  The  reducing  of  the  area  of  the  column  by  thus  cutting 
awaj  the  angles  would,  however,  leave  a  less  satisfactory  bearing  on 
the  top  of  the  column  for  the  ends  of  the  cross  lintels ;  tho  column 
woold  carry  their  weight  just  as  well,  but  it  would  not  appear  to  do  it 
ao  wall — tbe  lintel,  for  the  appearance  of  security  (which  in  architeo- 
ia  only  second  in  importance  to  actual  security),  would  require  a 
seat  of  a  square  form,  and  this  would  bo  supplied  by  the 
ation  of  a  brood  stone  or  Ule  (abacus)  between  the  lintel  and 
tke  top  of  the  column.  This  is  tho  actual  form  which  is  found  in 
what  liSTe  been  called  the  "  Proto-Doric"  columns  at  Beui-Hassan, 
esDtaries  before  tho  Greek  Doric  took  its  complete  form.  The 
steps  between  the  two,  which  doubtless  once  existed,  are 
we  have  indeed  forms  of  early  Doric  at  Pfestum  and  elsewhere 
Sidlr,  as  well  as  at  Corinth,  but  these,  though  ruder  than  the 
liaa  Doiic^  have  already  gone  through  many  stages  of  advance 
tta  first  Egyptian  type.  Passing  over  these  (for  we  are  not  now 
(  with  architeoture  historically)  and  turning  to  tho  complete 
it  is  very  significant  to  observe  what  were  the  a<lditions  and 
leala  which  were  arrived  at  in  this  completed  form  of  tho  style, 
of  these  is  the  more  fnll  and  marked  hollowing  of  tho  focos  of  the 
■a,  ao  as  to  give  more  decided  shadow  and  strengthen  the  vortical 
L  Tliaaa  diaanela  or  "  flutes"  are  increased  to  twenty-four,  and 
As  lacical  snitability  of  this  diriBion  is  seen  on  considering  tho 
■r  the  eolamn  in  connection  with  that  of  the  abacus  ( Fig.  5), 
~  it  wiU  ba  observed  that  with  twenty-four  flutes  the  sinking  of  a 
*  is  brooght  nndor  the  centre  of  the  flat  of  the  abacus  (D),  and 
I  ot  M  ehamiel  is  brought  nndor  the  angle  of  the  abacus  (E),  mi 
^plete  rvlution  between  these  two  parts  of  the  aosigii 
The  diminution  of  the  column  upward  is  a  very  iin- 
•iMage,  and  ooo  the  nooemity  of  which,  ssthetically  s])eakiiig, 
pariMi|N  aoro  to  our  instinct  than  our  reasoning  faculty.  It 
mmj  be  raaaoned,  however,  that  greater  stability,  b<ith  in  reality  and 
is   ini]iart«<l  tu  the  column  by  slightly  widening  it  ut 
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the  base ;  bat  tbo  demand  for  upward  dimiiintion  which 
instinctively  makes*  in  regarding  such  n  feature  is,  perliaf 
tracoablo  to  an  unconscious  geuernlization  from  the  obeervatii 
almost  universal  tendency  to  upward  diminution  in  vertical  c 
nature,  in  the  truuks  of  trees  and  stems  of  plant.<<,  &c.  Bui 
of  the  diminishing  column  makes  an  awkward  angle  with  i 
zontal  face  of  the  abacus,  and  to  join  this  feature  more  harn 
with  the  neck  of  the  column,  wo  find  a  rounded  member  in 
botwoon  them  (F,  Fig.  3, 4),  spreading  under  the  abacus  and  a 
to  collect  the  weight  of  the  suporstructuro  and  concentrate 
neck,  or  we  will  rather  say  the  wrist,  of  the  column.  This  ju 
the  rounded  moulding  (echinus)  with  the  shaft  is  therefore  an  i 
point  in  the  architectural  design  :  it  is  the  transference  of  tl 
of  the  superstructure  to  its  support ;  it  is  the  point  whore, 
upwards  from  the  grotind,  the  vertical  tendency  of  the  doi 
and  its  horizontal  teudcncy  begins.  And  we  find  it  duly  ma 
series  of  striations  (annulets)  cutting  across  the  shaft  (G),  em 
this  point  in  the  design,  stopping  the  vertical  flutings  of  th< 
lines  in  an  opposing  direction  (just  as  in  a  piece  of  music  w 
progress  of  the  composition  at  its  close  by  a  repetition  sevi 
of  the  chord  of  the  key),  »tid  serving  to  bind  together  and  s 
the  appearance  of  the  whole  feature  at  this  point,  very  mi: 
compare  the  physical  with  the  (esthetic)  the  annular  ligati 
human  wrist  binds  together  the  muscle*  of  the  arm.  We  i 
then,  a  feature  entirely  specialized  to  represent  the  cap 
carrying  vertical  weight ;  a  feature  in  which  all  the  decora' 
ment  is  directly  designed  in  furtherance  of  that  idea,  an< 
slightest  ornament  is  iutiodnccd  which  does  not  assist  co 
expression. 

The  principal  lintel  (architrave),  which  rests  on  the  col 
carries  the  whole  of  the  superstructure,  is  subjected  to 
trying  stress  to  which  building  material  can  be  subjectei 
"  croBS-strain  "  at  right  angles  to  the  direction  of  its  beariu 
which  acts  with  special  disadvatitage  upon  a  granular  mat 
little  tensile  strength,  such  as  stone  or  marble.  All  its  sc 
therefore  required  for  stability ;  nothing  of  it  is  cut  awa 
decoration  is  introduced  in  a  feature  which  is  doing  too  i 
work  to  afford  a  suitable  field  for  ornament,  f  Above  the 
we  again  find  vertical  supports  in  the  shape  of  the  triglyphi 
channelled  members  which  carry  the  cornice,  and  here  again  t 
channelling  of  these  features  (H,  Fig.  3)  has  the  same  funo; 
flutings  of  the  column,  that  of  assisting  the  expression  of  v 
while  the  cornice,  which  essentially  is  only  the  overhanging 


*  That  the  eye  iiietinotively  and  unconeclotialjr  demands  thia  u  ol 
the  un<}uestiooabk  fact  that  a  column  or  pilaster  with  sbBolutely  p 
appears  lurgtT  at  the  top  than  at  ttio  hoKotti. 

t  In  Bcoordancii  witli  the  principle  so  adraimbly  Bummariicd  by 
in  the  siiiglc  gpntencc,  "  Where  yon  can  roaf,  there  dooorato." 
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to  keep  the  rain  off  the  walls,  is  on  the  same  principle  strongly  marked 
with  faorizoDtal  lines  and  mouldings  (for,  as  it  has  no  weight  to  carry, 
we  can  play  with  it  as  we  please),  in  order  to  emphasize  horizontality, 
and  also  to  form  a  decisiTe  stop  and  finish  to  the  vertical  lines  of  the 
■tnictur«,jii8t  as  the  annalets  of  the  column  form  a  stop  to  the  vertical 
\  Vcatm  at  Uie  Anting.  The  small  flat  blocks  under  the  cornice  (mntules) 
lave  probably  a  very  distant  reference  to  the  wooden  roof  of  a  timber 
ImOding  and  the  ends  of  its  rafters,  almost  the  only  point  which  gives 
■ay  grotmd  for  the  idea  of  the  wooden  origin  of  the  style,  which  is  in 
gnend  very  doubtful,  or  more  than  doubtful :  the  part  which  these 
fc»tim!»  play  in  the  complete  Doric  is  to  break  the  long  line  of  the 
eomioe  ftnd  its  shadow,  and  connect  it  with  the  repetition  of  ports 
whkb  forma  an  eeaential  element  in  the  substructure.  The  slope  of 
^tb  pediment  expresses,  of  course,  the  slope  of  the  roof,  and  would 
lw«e  no  meaning  otherwise.  The  triangular  space  beneath  the  pcdi- 
■ent  ia  •tmctnrally  unimportant ;  in  a  small  building  (or  in  a  timber 
ODe)  it  might  bo  open ;  in  a  larger  one  its  masonry  is  required  to 
carry  the  blocks  of  the  cornice,  but  it  is  strnctnrally  a  secondary 
portion,  and  therefore  is  not  unfittingly  made  a  receptacle  for  sculp- 
tere^  whioh  ia  alao  suitably  applied  in  the  spaces  formed  by  the 
metopes ;  spaces  which  are  interstmctural,  and  might  be  left  empty, 
■ad  in  which  the  sculpture  is,  in  fact,  executed  on  the  face  of  com- 
p^ntrtely  thin  slabs  of  stone  not  calculated  to  carry  any  great  weight, 
■ad  having  only  empty  space  behind  them.* 

Bo  fax  we  bsve  been  dealing  with  a  method  of  building  in  which 
■n  Um  pieasuies  exerted  by  the  materials  are  vertical,  and,  as  we  have 
MSB,  tae  design  precisely  expresses  this  constructive  system.  Greek 
inre  is,  oonstmctively,  the  placing  of  a  horizontal  beam  bn 
[  sapports ;  and  no  construction  is  so  simple  in  its  problems 

i  so  eodoring  in  its  stability  as  this :  it  is  however  a  construction 
'  '  ia  material,  neoosaitating  also  the  use  of  largo  blocks,  and 
IB  the  nxe  of  its  openings  by  the  incapability  of  the  material 
lo  mrj  orer  more  than  a  small  distance  without  bre  iking  even  under 
ili  oam  weight  alone.  The  principle  of  the  arch,  first  employed  on  a 
krae  eoale  and  in  a  systematic  manner  by  the  Itomaus,  relieves  the 
■Rmilcct  from  these  restrictions ;  it  enables  him  to  bridge  over  large 
^mttm  with  oomparativcly  small  stones,  and  it  employs  the  material 
ia  Iha  wsy  in  which  it  is  strongest,  in  a  state  of  simple  compression, 
lad  withoiat  the  disadvantageous  effect  of  oross-strain.  But  the  pres- 
wmnm  which  an  arched  building  exercises  differ  entirely  from  those  of 
s  lialel  building.  An  arch  is  exercising  upon  its  points  of  support 
■■  OBtward  or  ex|)anding  pressure,  the  angle  of  which  varies  with  the 
ik^pa  of  the  arch  and  Uie  weight  and  ]x>sitiou  upon  it  of  the  super- 


*  Id  Mi.  Tadema'*  plctnns  "  The  Ixiro  MiMilo,"  «  sculptured  metope  slub  ig 
■■a  ■•  mavaUr  no  a  piTot,  •D<1  turnoci  ronml  nn  ila  miiitre  at  riKlit  nnKloo  to 
Ike  wall.  »  ■•  tt>  leave  tne  ipaae  open  at  either  lido :  on  arrangemcut  wliicb  very 
*~~*-i  «^  «t  Ufltca  made  in  Iloinoa  imilaUuna  of  Grtck  building. 
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Btrnctnrc :  anti  tlie  {esthetic  expression  which  is  true  for 
building  cannot  bo  tmo  for  an  arched  building.  This  was 
what  the  RomanB,  who  were  great  engineers  but  bad  artists, 
perceiye.  They  conld  not  invent  an  architectural  expression 
own ;  they  faced  their  arched  constmctions  with  a  mask  b 
from  the  oolnmnar  architecture  of  the  Greeks  (Fig.  6),  but  ha 
reference  to  the  real  constrnction  of  the  building,  which  it 
contradicted :  or  they  interposed  a  slice  of  the  Greek  lintd 
structure  uselessly  between  the  capital  and  the  arch  which 
have  sprang  from  it  (Fig.  7) ;  being  accustomed  to  see  a 
carry  an  architrave  and  cornice,  they  could  not  conceive  its  e 
without  these  members  even  when  their  use  and  meaning  we 
Their  design  was  therefore  fosthetically  false  and  illogical. 

Let  ns  consider  tlie  problem  of  tho  arched  building  a  litt 
in  detail.  Its  simplest  form  is  what  is  called  a  "  barrel-v 
building,  roofed  by  a  continuous  arch  from  end  to  end  (Fig.  1 
resist  the  eijiausive  thrust  of  this  arch  wo  must  have  very  thi( 
BO  as  to  keep  tho  lino  of  pressure  within  the  thickness  of  the  ' 
equilibrium  of  which  is  otherwise  endangered :  but  this  ag 
method  very  wasteful  of  material.  If,  however,  we  can  introdn( 
arches  intersecting  tho  main  arch  (11),  wo  find  tho  result  is  ti 
the  pressure  of  tho  arches  at  certain  eqaidistant  points  along  \ 
and  if  we  can  secure  those  points,  we  can  afford  to  build  the  inU 
portions  almost  as  thin  as  we  like,  or  even  (theorotically)  to  < 
wall  altogether  between  tho  points  of  support,  as  it  docs  nothing 
carrying  the  arches.  Leaving  for  a  moment  the  question  of  tl 
mcnt  of  those  supporting  points  or  piors,  we  have  one  or  ti 
difficulties  to  contend  with  in  our  arched  constraction.  A 
arch  on  a  large  scale  has  practically  a  tendency  to  sink  at  th< 
tho  joints  on  cither  sido  of  the  keystone  becoming  so  nearly 
as  to  allow  of  the  stone  slipping  under  tho  inflnonco  of  vcr 
settlement  in  tho  abutments :  and  this  danger  is  increased 
cross- vaulting,  whore  the  oblique  arch  formed  by  the  into 
vaulting  surfaces  is  on  ellipso,  and  therefore  still  flatter  at  th( 
But  a  new  difficulty  moots  ua  again  as  soon  wo  havo  to  cross 
Bpaco  which  is  not  a  square  (12),  hut  is  larger  on  one  side  I 
other.  For  as  tho  two  intersecting  arches  must  rise  to  tho  same 
and  OS  the  relation  of  height  to  width  is  rigidly  fixed  in  tl 
circular  arch,  wo  must  either  employ  a  segment  of  a  circle  onli 
wider  arch  (12(i),  or  else  spring  tho  smaller  ono  from  a  highi 
than  the  other  (12!i),  bo  that  the  crowns  of  the  two  may  coil 
height.  Tho  lattoj  expedient  (called  "stilting"  the  arch)  was 
usually  adopted  by  the  Bomau  and  Homanesqno  builders ; 
efiect  in  either  case  is  that  the  oblique  arch  formed  by  the  inte: 
of  these  two  curves  of  different  elements  gives  a  crippled  and 
line  very  unsightly  and  weak  in  appearance. 

These  tliree  difficulties  with  the  round  arch  ore  what  made 
architecture,  tho  architecture  of  pointed  arches  and  buttreseee 
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t  oft«n  supposed  to  have  arisen  from  a  mere  sentimental  pre- 
toT  the  form  of  the  pointed  arch.  Bat  architectural  styles 
in  their  growth  and  origin  little  to  do  vrith  sentiment ;  the 
ital  interest  is  projected  back  upon  them  from  our  own  feelings. 
leiely  is  this  idea  of  the  sentimental  origin  of  the  pointed  arch 
'  by  fact,  that  in  buildings  of  the  Transition  period,  such 
and  Fountains  Abbeys,  we  actually  find  the  larger  arches 
carry  the  main  structure  pointed,  and  the  smaller  ornamental 
in  higher  parts  of  the  building  circular ;  the  necessary  conclusion 
tfiat  Uie  round  arch  was  preferred  and  the  pointed  foi-m  only 
■Md  IB  the  larger  arches  for  constructional  reasons.  But  the  main 
vmlaa  dt  the  pointed  arch  to  the  mediaival  builders  lay  in  the  fact  that 
hf  Urn  nae  the  difficulty  of  intersecting  vaults  of  different  spans  was 
gpl  over,  practically  at  least  if  not  quite  theoretically.  As  will  be 
■MB  (at  V2c),  the  use  of  the  pointed  arch  enables  us  to  build  arches 
ofniTing  widths  and  of  the  same  height,  and  baring  a  curvature  so 
■Mriy  Bmilar  as  to  render  it  practically  easy  to  treat  them  as  inter- 
Wrtiiig  arches  without  an  unsightly  twist  of  the  intersecting  lines ; 
lad  wImU  little  difficulty  there  would  have  been  in  securing  the  neat 
kdjastineDt  of  the  two  curves  was  obviated  by  the  introduction  of  the 
•■  tmolting  rib  "  at  the  angles  of  intersection  of  the  carves  ( 13),  on  either 
■de  of  which  the  carves  of  the  vaulting  surfaces,  divided  from  each 
■Uier  br  the  deep  and  strongly-marked  mouldings  of  the  rib,  could  be 
•a  Car  as  necessary  to  harmonize  with  the  curve  of  the  rib ; 
,tfda  introduction  of  the  vaulting  rib,  and  the  leethetic  prominence 
to  it  iu  the  design,  constituted  a  perfectly  logical  treatment,  for 
ted  the  real  construction  of  the  Gothic  vault,  which,  instead 
like  the  Roman  vault,  an  intersection  of  two  arched  surfaces, 
in  reality  a  framework  of  arched  ribs,  between  which  the 
snr&oea  were  carried,  the  ribs  assuming  the  real  constructive 
(Fig.  14). 

Only  eoe  practical  difficulty  remained  in  designing  a  vault,  a  very 
tiS^Acub,  bal  which  bad  important  results  in  dt'tcrmiuiiig  the  latest 
■M  is  aone  nopocts  most  b^ntifnl  form  of  Gothic  vaulting.  This 
1^  arose  from  the  fact  that  tho  vaulting  ribs  near  the  springing, 
taey  come  down  on  the  top  of  tbo  capital,  had  to  be  run  into 
otliBr  C  mitred  " )  in  order  to  collect  them  on  the  small  space  of 
from  which  they  were  to  appear  to  spring.  And  as  the 
•till  of  varying  lengths  and  curvatures  and  left  the  capital 
i  auglea,  their  adjuKtmcnt  so  as  to  break  off  from  each  other 
Ujr  and  at  tho  same  height  was  a  matter  of  some  difficulty 
a  good  deal  of  humouring  of  the  vaulting  linos  at 
The  invention  of  the  fan  vault,  the  effect  of  which  is  so  well 
ia  KioK'a  College  Chapel  and  Ilenry  YII.'s  Chapel,  got  over 
and  rendered  the  whole  perfectly  logical.  By  intercepting 
•0  dka  vaoittRg  rib«  by  an  arc  of  a  circle  (plan.  Fig.  15)  at  their  highest 
poiati^  nattmA  of  lotting  them  all  nm  up  to  the  ridge  »f  the  roof,  they 
«Nn  all  iwdaoad  to  freeiMlj  the  aaine  length,  could  all  have  the  same 
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ciirvaturo  and  all  leave  the  point  of  springing  (tlio  capital) 
Banie  cnrvo  and  at  tho  samo  angle, and  thus  the  design  of  tbo  van 
theoretically  08  well  as  practically  logical,  and  no  adjustmont  oi 
iug  was  necessary  to  make  it  look  exactly  as  it  was  iDtondc' 
The  fan  vault  thus  forms  a  peculiarly  eignificaut  illustrati' 
predominance  of  logic  in  architoctura.!  design,  since  it  is  p 
nil  architectural  features  that  which  to  an  inconsiderate  obser 
seem  most  entirely  tho  spontaneous  rogult  of  fancy  and  art 
playing  easily  with  the  materials  before  it,  whereas  it  is  in  i 
we  see,  tbo  final  solution  of  a  etrugglo  with  a  practical 
carried  on  through  many  generations.  What  is,  however, 
fact  in  regard  to  the  fan  vault,  is  thnt  just  as  the  harmonif 
ment  of  the  vaulting  ribs  in  regard  to  design  was  seen; 
constructive  function  ceased.  Tho  fan  vault  was  really  an 
conoid  generated  by  tho  revolution  of  the  tronsvorso  arch 
point  of  springing.  The  vault  had  been  grndually  tendinj 
this  form  with  the  multiplication  of  tho  vanlting  ribs,  as  set 
14,  representing  a  late  fomi  of  vault  jirevious  to  the  fan  v 
wlicn  this  latter  form  was  actually  ossumed  it  was  found  tbn 
were  structurally  superfluous — that  it  was  more  convoniont 
tho  whole  as  a  solid  arched  conoid  than  to  build  ribs  and 
epacoa  iHstwoen  them.  Thus  the  ribs  in  the  fan  vault  bee 
a  "  survival,"  and  are  really  a  feature  of  architectural  e 
fuliilliiig  the  same  kind  of  function  ts  the  flutoa  of  a  classic 
that  is  to  say,  emphasizing  the  lines  of  upwanl  growth  of  ti 
and  giving  variety  and  play  of  light  and  shade  to  what  wo 
wise  have  been  a  dead  and  heavy  mass. 

But  what  of  the  other  problem,  the  secnring  of  those  poi 
wall  against  which  tho  thrust  of  the  vaulted  roof  is  collecte 
the  Romans  and  the  early  Gothic  builders  felt  the  necessity 
strength  in  tho  wall  at  those  points ;  but  the  Romans  merel 
columns  to  tho  wall  at  these  points  (Fig.  16),  and  tho  Ec 
builders  projected  the  wall  in  a  flat  pilaster.  But  the  p 
tho  vault  upon  the  walls  is  an  oblique  one,  tending  to  thrus 
outward  ;  it  must  therefore  logically  be  mot  by  a  feature  whi 
obviously  be  intended  to  resist  oblique  pressure  and  to  ex 
resistance.  It  was  reserved  for  the  builders  of  the  complo 
period,  in  their  desire  to  find  ample  abutment  for  tho  securii 
increasingly  daring  and  adventurous  vaulting,  to  develoj 
lEslhctic  form  for  meeting  this  oblique  thrust,  tho  buttress 
with  its  lines  sloping  upward  to  meet  tlio  line  of  the  vaulti 
and  the  flying  bnttress,  carrying  this  thrust  of  the  centre  i 
over  tho  roof  of  the  aisle  and  resolving  it  into  tbo  oppo 
of  the  extemol  buttresses  which  stand  like  so  many  giai 
the  building  to  hold  it  up.  Thus  the  expression  of  the  eo: 
in  the  design  became  once  more  complete  and  logical,  as  i 
boon  fiince  tlio  decease  of  Greek  architcctuio.  And  it  is  i 
to  see  how  completely  this  necessity  for  buttrcssos  to  bo 
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VMtlted  KM^  has  altered  the  whole  method  of  bnilding.  If  wo  comparo 
Um  type  of  Bonuui  plan  with  that  of  Gothic  plan,  wo  find  that  while 
ia  die  Boman  boilding  tho  main  line  of  wall  ia  {>arallol  with  the 
liiM  of  the  building  (Fig.  IS),  in  tho  Gothic  structure  the  wall  may 
Ttaaltj  be  said  to  have  been  cat  up  into  sections  and  placed  edge- 
wmjTB  to  the  building  (Fig.  19) — for  that  is  what  the  buttress  in  its 
faD  defelopment  really  is. 

Wo  might  trace  this  oourae  of  logical  dcyelopment  through  other 
deteils  in  Gothic  architecture ;  we  might  notice  for  instance,  how  the 
•UxjnitclT  grouped  mouldings  of  the  arches  in  a  fourteenth  century 
Gothic  builduig  arose  simply  from  the  convenience,  when  buUding  with 
ttM  ■■■11  Btonea  which  the  modinval  architects  used,  of  dropping  ono 
t*""*™"—  in  the  courses  of  arch-stoucs  below  the  others  (Fig.  20),  so 
■s  to  gain  ■trength  without  heaviness  and  to  avoid  the  bad  appearance 
of  m  number  of  joints  on  the  under  face  of  the  arch  ;  how  by  degrees 
As  edges  of  the  arches  thus  left  were  more  and  more  elaborately 
wliiiitiil  by  mouldings,  and  how  even  in  the  most  elaborate  and  com- 
pletely OMiilded  arch  the  order  and  arrangement  of  the  mouldings 
I  the  impression  of  their  original  growth  from  tho  rectangular 
,  formed  by  the  two  or  more  orders  of  arch-stones  one  within 
But  there  is  an  even  broader  and  more  important  branch 
of  erehitectnral  logic  yet  to  bo  mentioned :  that  which  involves  the 
relatioB  between  the  plan  and  the  design  of  the  whole  building. 
For  architecture,  as  the  esthetic  expression  of  building,  cannot  bo 
(i^itly  estimated  unless  it  is  rexaembcrod  that  it  is  based  upon  the 
plan  and  arrangomont  of  tho  building,  and  must  in  its  external 
ftMtnrce  espreas  these-  As  an  example  of  correct  architectural  expres- 
aea  in  thia  respect  we  may  take  tho  Houses  of  Porlianiout.  In  this 
WtMiwg  one  great  feature  of  the  plan  is  the  central  octagon  in  which 
tlM  msin  oomdora  of  the  Upper  and  Lower  Houses  meet,  and  which 
foOBS  tto  imllying  point  of  the  internal  traffic  of  the  building ;  and  tho 
pimitf'^  sad  importance  of  this  point  in  the  plan  are  indicated  cxtenially 
ij  theonatral  spire  or  lantern  which  rises  above  it.  Tho  royal  entrance, 
■pun,  is  marked  by  tho  Victoria  tower ;  and  the  clock-tower,  which  is 
n  olililnrian  feature  with  quite  a  different  object,  is  designed  ({uite 
JiflbreBlly  from  the  Victoria  tower,  and  in  accordance  with  its  practical 
olijne>  M  s  means  of  carrying  a  great  clock  high  in  the  air  ;  the  shaft 
ti  tho  tower,  as  it  may  be  called,  being  merely  a  support  on  which  to 
flury  A*  oloek  stage.  If  Barry  ha«l  designed  (as  some  critics  have 
SMd  W  thft^H  hare  done)  two  similar  Victoria  towers  symmetrically 
bskaeiBg  esdi  other,  and  made  one  of  them  the  clock-tower,  ho  would 
hsve  oonmitted  an  architectnral  falsity  in  designing  in  a  similar 
■saacr  two  fostnros  tho  objects  of  which  wore  entirely  different.  Tho 
WMii  of  logical  relation  between  plan  and  design  is  unfortunately  only 
loo  eoutautly  illnntratod  by  modem  buildings  in  which  the  exterior 
is  traled  ss  a  perfectly  symmetrical  whole,  while  the  interior  is 
dhitei  into  uimtaroiis  small  riKtms  for  various  practical  purposes,  in 
•  anaMr  of  whieb  nut  the  least  hint  is  conveyed  in  the  exterior  aspect 
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of  the  building,  which  thuB  becomes  merely  an  architectural : 
screen,  having  no  meaning  whatever. 

The  influence  of  the  lanterial  used  and  the  atmosphorf 
which  it  is  to  be  seen,  will  also  bo  mauifost  in  any  arch 
designed  in  logical  accordance  with  practical  conditions.  If  ^ 
pare  Greek  and  Gothic  dotaik,  such  as  mouldings  and  carved  or 
for  instance,  we  find  in  the  former  (Figs.  8,  9)  delicate  cont< 
minute  refinements  of  modelling,  which  could  only  bo  satid 
executed  in  a  hard  and  ondnring  material  like  nmrblo.  and  on 
factorily  socn  under  a  bright  sky  and  in  a  clear  air  :  in  Gothi 
on  the  other  hand,  we  find  deep  hollows  and  powerful 
mouldings,  and  broad,  bold,  and  deeply-cut  foliage  oruameo 
21,  21),  of  much  coarser  typo  than  the  Greek,  but  precisol; 
for  elocution  in  a  comparatively  coarse  granulated  materij 
soon  under  a  sky  frequently  obscured  with  cloud  and  mist 
suit  of  a  damp  atmosphere.  It  is  in  respect  to  these  cnnditi 
attempts  to  reproduce  Greek  architectnro  in  this  country  h» 
and  always  must  bo  failures,  even  apart  from  all  considcra 
to  the  value  of  a  reproduced  architecture.  Wo  cannot  hav 
architecture  hero  unless  we  con  have  the  Greok  climate 
Pentelic  marble. 

The  almost  entire  deficiency  of  proper  logical  relation 
practical  facta  and  thoir  (esthetic  expression  is  the  characte 
modem  architecture,  which  thus  has  lost  its  meaning  as  an 
its  strongest  hold  over  our  interest.  The  art  Las  been  red 
the  architects  to  a  series  of  reproductions  of  the  forms 
historical  styles,  and  by  the  engineers  (who  arc  now  doing  ot 
exactly  what  the  Romans  in  their  day  did)  to  the  arbitrary  ap; 
of  features  supposed  to  bo  architectural,  in  order  to  cover  a 
construction  with  what  they  call  ornament.  This  is  carried 
an  extent  that  often  constructions  are  absolutely  vulgarized  a: 
absurd  by  this  folse  architectural  clothing,  which  if  left 
practicjil  simplicity  would  be  comparatively  pleasing,  pcrht 
ptisitivoly  so ;  for  stnictnrea  which,  like  engineering  wo 
designed  to  maintain  their  stability  amid  the  action  of  th 
of  nature,  must  almost  necessarily,  if  simply  treated,  assun 
which  are  to  a  certain  extent  in  harmony  with  nature, 
arbitrary  bedizening  of  such  structures  with  borrowed  orchitet 
features  which  have  no  relation  to  their  structure  or  purpos 
sarily  produces  a  result  which  is  at  variance  alike  with  na 
with  art.  It  ia  only  by  the  more  rigorous  exercise  of  th< 
regard  to  the  purpose  and  meaning  of  architecture  that  we  ( 
to  extricate  ourselves  from  those  vain  repetitions  of  features  ■ 
teeturo  of  the  past  into  which  we  have  drifted  (and  of  which 
fashion,  called  the  "  Queen  Anno  style,"  is  the  very  worst  a 
unmeaning  that  has  ever  been  atarted),  and  to  produce  arc! 
which  shall  have  a  meaning  and  purpose  and  expression 
related  to  the  conditions  of  life  in  this  country  and  in  the  prea 


18T«.] 


Bev.  H.  B.  Eaweii  <m  Bells. 


99 


tad  •■  the  demand  for  any  particular  quality  in  art,  as  woll  as  in  other 
generally  precedes  the  supply,  perhaps  one  of  the  steps 
I  •  NDewed  life  in  architecture  may  have  been  made  if  I  have 
to  persuade  a  non-professional  but  cultivated  audience  that 
il  ia  wortli  their  while  to  give  a  little  consideration  to  the  logic  of 
•reiiiteetarml  design. 

[H.  H.  8.] 


WEEEXT  EVENING  MEETING, 

Friday,  February  7,  1879. 

8iB  W.  Fbsobbiok  Pollock,  Bart.  M.A.  Yice-Preeident,  in  the  Chair. 

Bet.  H.  B.  Hawxib,  M.A. 

BelU.» 


[In  ^M^MUMinritig  CD  the  dignity  of  belh,  the  speaker  referred  to  the  long 
0Ma  b(U  in  the  leaning  tower  of  Pisa,  said  to  date  back  to  the 
&trl«MiUi  oentuiy;  the  great  Carolns  at  Antwerp,  which  first  rung 
ia  1467,  vhen  Charles  the  Bold  entered  the  city  ;  the  storm-bell  in 
8t(MbBrg  Oithedral,  which  still  warns  the  traveller  of  the  tempest 
■Ml  from  afif,  sweeping  over  the  Yosges ;  the  small  bell  Horrida,  the 
IPMn  of  1316,  covered  with  mildew,  which  hongs  high  up  in  Notre- 
Dmm  at  Antwerp,  and  is  never  rung,  by  reason  of  its  age  and 
faiRBitic* ;  the  gate  bcU  in  many  an  old  fortified  town,  that  still 
mmaim  at  the  shutting  and  opening  of  the  city  portals ;  the  curfew, 
wUah,  tram  time  immemorial,  has  rung  over  the  flats  of  Cambridge, 
■al  tbs  teu  of  Ely;  ....  the  old  Toumay  bolls,  which  from 
ftrir  titf  belfry  greet  the  silent,  colossal  five  towers  of  the  grandest 
■imh  ia  Belgium,  and  strike  the  ears  of  the  traveller  as  he  hurries 
■loBg  Um  hi^  road  from  Lille,  almost  before  the  beacon  light  on  the 
•■■■it  of  the  bdfry  salutes  his  eyes.] 

W*  can  hardly  realise  what  the  Dells  were  to  the  people  in  the 
Lav  OcNUtriw  ftrnggling  with  Spain  for  independence.     In  those  old 
of  Braow,  iialines,  Ghent,  Louvain,  Antwerp,  ho  who  con- 
dM  bells  ruled  the  town,  for  he  possessed  the  one  means  of 
:  and  directing  by  their  call  the  movements  of  his  followorfl 

jealousy  of  the  citizens  over  their  bells The 

fnt  tUag  a  oooqnoror  did  was  to  melt  down  the  bells,  as  a  token 
Aat  tk»  oitiBeas  had  lost  the  power  and  right  of  defending  tbem- 
•tl«ML    n«  eannuus  of  the  oonquered,  after  a  successful  revolt,  were 
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often  recast  for  bells.  And  still  bo  jealous  are  the  Bclgiani 
bells,  that  ray  utmost  efforts  to  obtnin  tbo  loon  of  a  Hemom 
den  GLoyn  boll  of  1650  from  n  disused  carillon,  for  thi 
proved  fruitless ;  under  the  best  guarantees  the  people  wool 
the  bells  leave  tlie  country. 

Bolls  rule  and  mark  each  improesire  occasion  of  life. 
perhaps  hardly  realize  tbo  oitout  to  which  the  montonous  1 
old  monks  was  bound  up  with  the  ringing  of  various  bolls, 
sound  of  tlio  frfi/nutn,  or  tower-boll,  the  whole  monastery  w 
from  slumber  at  an  early  hour ;  the  nquilln  summoned  tlici 
frugal  meal  in  the  refectory ;  but  if  any  of  tho  monks  wore  ] 
cloisters  at  the  time  and  beard  not  the  squilla,  then  the  eam^ 
cloister-boll  was  rung.  The  ct/mbalum  was  also  used  in  th 
Tho  abbot  had  his  codon,  or  small  handhell,  shaped  like  1 
of  a  Greek  trumpet;  with  this  ho  summoned  to  his  oratory 
the  servile  brother  whoso  duty  it  was  to  attend  to  his  call,  ■ 
peiasius,  or  larger  handbell,  would  bo  used  occasionally  ti 
monks  in  from  cultivating  the  fields,  Tho  liniolium,  or  d 
bell,  called  tho  monks  to  bod.  In  tbo  night-time  the  nocluh 
or  clock-bell,  struck  to  remind  tho  brethren  when  tJioy  shonli 
pray;  whilst  the  dreaded  corrujiuncnla,  or  scourging-bcll,  t 
the  ascetics  to  their  flagellatory  devotions.  But  tho  bell  of 
which  awoke,  and  ever  awakes,  in  tho  breast  of  Catholics 
foundcst  emotion  is  the  silver-toned  mda  or  choir-boll,  ru 
consecration  of  the  eleinonta  :  when  that  shrill  and  irrvgu 
heard  through  the  church  the  monks  fall  prostrate  and  ci 
selves;    tho  dread  miracle  is  being  at  that  moment  cone 

The  bells  say,  "Lo  roi  est  mort,"  and  they  say, 
roi  I  "  they  ring  for  tho  decapitation  of  one  king,  oiid  the  < 
of  another  ;  for  the  marriage  of  one  royal  wife,  and  the  ex 
another ;  thoy  rung  for  the  massacre  of  eight  thousand  Ct 
the  Sicilian  Vespers  in  1282,  and  for  tho  massacre  of  ten 
Huguonota  on  St.  Bartholomew's  day  in  1571 


I   pass  to   the   hutor^  of  belh,      I  have  in  tho  *  Enc 

Britunuica,'  defined  a  bell  as  "an  opcu  percussion  ii 
varying  in  shaito  and  niattTial,  but  usually  cup-like,  glol 
metallic  ;  so  constructed  as  to  yield  one  dominimt  note,"  a 
intended  to  ercludo  gongs,  drums,  cymbals,  metal  plates 
bars  of  metal  or  wood.  I  wish  tho  English  people  to  i 
bell  as  a  percussion  instrument  yielding  one  clear  nni 
musical  note  when  struck.  There  should  bo  no  doubt 
note — you  should  be  able  to  hum  it.  This  may  not  have 
is  not,  always  the  c&so  with  bclla ;  still  tlmt  is  what  tb( 
grown  to,  what  it  arrives  at  and  realizes  at  its  best. 


9.] 


on  Bills. 


101 


The  bell  has  a  long  past,  and  it  will  havo  a  long  future ;  it  did 
■ttein  its  present  ^pe,  or  quality,  or  size  all  at  onoe,  it  took 

of  jeaT9 

Abo<at  A.D.  180,  Lncion  mentions  the  clepsydra,  or  water-bell — a 
nmg  periodically  as  the  water  fell  from  one  level  to  another, 
the  time.  The  Romans  nsed  bells  to  call  to  the  bath, 
the  CHuistian  Church  adopted  them  about  a.d.  400.  Franco  had 
in  550,  England  in  680,  and  Switzerland  in  the  tenth  and 
•leventb  centories  possessed  a  great  many.  There  is  St.  Gall's  bell, 
pnaorred  at  the  monastery  of  St.  Gall,  in  Switzerland,  and 
Patiiok's  bell,  still  to  be  seen  in  Belfast;  but  these  are  more 
J  as  curiosities  than  as  bells.  They  are  small  quadrilateral 
oil*,  made  of  metal  plates,  and  can  never  have  had  a  good 
In  1400,  we  get  bells  of  larger  calibre :  in  Paris,  tho  boll 
'  Be,  and  another  of  eleven  tons,  as  thoy  say,  but  I  duubt  the 
The  great  bell  Amboise,  1601,  of  Rouen,  is  said  to  have 
about  fifteen  tons;  but  whatever  the  exact  weight,  it  supplies 
•ridcBoe  of  the  comparatively  heavy  calibre  of  bells  in  France 
.  tlkkt  lime.  But  with  the  dawn  of  the  sixteenth  century  we  are  on 
)  tbraaliold  of  the  musical  age  of  bells,  and  it  is  a  most  important 
'i  beoanse  it  marks  the  dawn  of  modem  miLsic  also.  The  elements 
■e  had  been  in  the  world  for  centuries,  as  yon  know ;  the 
,  eiren  the  Jews  and  Egy]>tian8,  had  elaborated  an  art  of  music ; 
nadera  mnsic  is  an  affair  of  the  last  four  himdrcd  years,  and 
it  floold  not  exist  before  the  discovery  of  the  modem  octave,  or  the 
nilbrtn  arrangement  of  tones  and  semitones  in  each  key,  and  tho 
**  fwffcet  eadenoe."    This  discovery  is  marked  by  the  name  of  Monte- 

W^UU    «    *    ■    • 

TIm  rise  of  music  was  naturally  marked  by  tho  rise  of  siuging- 
•Aools  and  the  improvement  of  musical  instruments.  For  centuries 
tka  violin  had  been  coming  together — every  conceivable  shape,  size, 
■ad  qoality  had  been  tried  before  it  began  to  assume,  in  the  hands  of 
Ma^ni  anil  the  Amatis,  something  like  its  classic  form ;  and  for 
MBteriaa  bells  had  been  vibrating  throngh  every  conceivable  shape 
■id  proportion  before  the  great  bellsmiths  Van  den  Gheyn  and 
ffmmj  fixed  tlio  shape,  which  has  never  since  been  seriously 
4tpaitod  from  with  impunity,  and  to  which  wo  shall  have  to  return  if 
««  want  to  make  good  bells. 

It  is  interesting  and,  I  think,  significant  to  notice  how  the  boll 
■nd  Um  violin  both  settled  into  their  trao  shapes  about  the  time  that 
fte  Modem  octave  was  prepared  for  thctn,  and  the  modem  musical 
Ht  wtwl,  and  nut  before.  I  think  I  may  claim  to  have  been  the 
isrt  III  call  atleation  to  this  in  the  ]>agos  of  '  Music  and  Morals,' 
aad  I  will  onoe  more  aak  you  to  note  the  dates.  In  1.5G2,  Peter 
Yaa  dMi  Qbern,  the  real  father  of  the  modem  boll,  sot  up  his  modest 
MfiUaB  at  Loavain.  In  1540,  Andrew  Amati,  the  father  of  tho 
viafia.  Hi  op  hia  school  at  Cremona.  From  1C58  to  1750  wc  have 
Ike  graal  ball  poriod,  porfeotod  from  Hemony  to  Matthias  Van  den 
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Ghcyn ;  imd  from  1660  to   1730  wo  have  the  great  viol: 
perfected  from  Nicolas  Amati  to  Stradinarius. 

Bome  of  my  friends  aro  np  in  arms  when  I  say  the  En 
fonnders  are  probably  indebted  to  the  Low  Countries 
Bncoeeses  in  the  art  of  boU-castiDg.  I  only  wish  they 
more  indebted  to  them.  I  do  not  mean  to  say  that  £d| 
founders  have  not  made  good  bells — I  never  said  any  su 
I  Boid  they  could  not  make  them  in  tune — that  is  a  vor 
matter.  Tou  may  have  an  excellent  bell,  am]  it  may  bo  q 
tune  with  its  foUows,  and  that  is  the  cose  with  most  Eng 
One  of  the  Westminster  Abbey  bells  has  this  inscriptiou — 

"  Tliomas  Lester  mnrle  me 
And  with  the  ro»t  I  will  agree 
Bevenken  liundreJ  aud  forty-three." 

But  the  bell's  resolution,  like  other  good  resolutions,  has  i 
fullillod.  Many  fine  bells  there  ore  in  England,  and  well 
tune  fur  the  mecbuuicol,  arithmetical,  and  muscular  oxerc 
bell-ringing,  but  tboy  are  not  fit  for  musical  purposes, 
octavo  of  beUs  is  one  thing;  a  suite  of  forty,  tuned  ace 
semitones,  is  quite  another.  The  English  have  never  aspir 
and  they  cannot  do  it.  It  has  boon  done  in  the  Low  Got 
centurioa. 

I  have  no  wish  to  detract  from  the  merits  of  Eng 
founders :  the  Braziers  and  Brcnds  of  Norwich,  the  Churchc 
Bt  Edmunds,  Myles  Gray  of  Colchester,  and  later  on  '. 
Gloucester,  Phelps,  the  Lesters,  the  Eayres,  Mears,  Wi 
Taylor  of  Loughborongh.  I  rejoice  to  note  that  Mr.  1 
issued  a  valuable  notice  of  the  Cambridge  and  Suffolk  b 
Lukis  has  dealt  with  Wiltshire,  Mr.  Tyssen  with  S« 
EUaconibe  with  Somerset  and  Devon,  and  Mr.  North  with  '. 
and,  doubtless,  all  the  other  counties  will  be  in  duo  time  i 
and  the  merits  of  their  bells  drme  ample  justice  to.  Bi 
is  odd  that  when  there  is  an  English  boll  which  gives 
satisfaction,  it  bears  a  striking  resemblance  to  the  Belgian  n 
you  will  cast  your  eye  first  upon  the  section  of  the  mm 
Lavenham  tenor,  and  then  upon  the  section  of  Severin  Van  A 
bell  (the  Hemony  pattern),  you  will  see  some  striking  re6< 
between  them,  in  the  thickness  of  the  sonud-bow,  the  len{ 
side,  and  the  width  of  the  crown. 

These  features  can  of  courso  only  be  compared  by 
measurement ;  but  the  difference  between  the  shorter  bells  o 
or  Buddie  and  the  eighteenth  century  school,  and  the  longe 
MylcB  Gray  appeals  at  once  to  the  eye,  and  the  longer  t 
nearer  the  Hemony  model  than  the  later  Buddie.  This  is 
unfortunate  for  those  who  think  that  we  owe  nothing  to  tl 
masters.  But,  indeed,  it  would  have  been  strange  had  bells 
the  only   things    unaffeutcd    by  the    constant    intercourse 
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ad  and  the  Low  CJonntries,  all  through  the  riae  and  progress 

the  great  bell-fbimduig  period.     The  Dutch  drained  our  marshes, 

'  tmr  beat  piotnres — witneas  Van  Dyke  and  Rubens — taught  us 

with  Grotios,  inspired  onr  fashions  in  dress,  gave  us  the 

and  I  believe  it  was  &om  the  Hague  that  William  of  Orange 

sail  to  become  king  of  England;    nor  do  I  think  it  would  be 

to  show  that  when  Dutch  influence  was  fresh,  there  was  a 

ble   rapprochentent   between    the   English   and    Belgian   bell 

^Bodels:  but  when  trade  prejudices  arose  and  Dutch  popularity  waned, 

tite  bells  also  deteriorated ;  at  any  rate,  note  the  undoubted  fact  that 

the  V-ngliiJi  and  Belgian  founders  flourished  side  by  side.     Peter  Yan 

Gheyn    of  Lourain,  1560,   with   the   Braziers   and   Brcnds   of 

Hemony  of  Amsterdam,  1658,  with  Myles  Gray,  1625-59, 

^of  Culcfaester.     Between  1679  and  1755  flourished  Bichord  Chandler 

,  ul  Bacldngham,  Keene  of  Worksop,  Pleasant  and  Gardner  of  Sudbury, 

.  Boddle  of  Gloucester,  and  Penn  of  Peterborough.     The  same  period 

marked   across  the  water  by  the  Van  den   Ghoyns,  Hemony, 

I  Diuiteij,  Deklerk,  and  De  Haze.     But  it  is  still  more  unfortunate  for 

'  Hume  who  deny  the  influence  of  Dutch  motlcls  in  England,  to  find 

•  bell  of  Peter  Van  den  Gheyn  hanging  at  this  hour  in  St.  Peter's 

I  OoUege,  Cambridge ;  and  to  note  that  Wagheven,  a  Dutchman,  had  a 

^fandry  as  far  west  as  Nioolaeton  in  Glamorganshire.   You  may  say  per- 

tb«t  we  tangfat  the  Belgians  the  art  and  not  they  us  :  but  if  you 

i  viiili  to  loam,  yon  go  to  the  people  who  are  experts,  and  you  will  find 

at  the  time  we  were  casting  those  rough  bell  octaves  of  which 

^  Wgsiiistn  are  now  beginning  to  bo  a  little  ashamed,  tlie  Belgians  were 

OHttng   complicated  series   of  thirty,   forty,   and  even   sixty   bells, 

vbich  bang  to  this  day  in  the  towers  of  Mechlin,  Antwerp,  aud 

JjmmiB.    Of  all  the  Belgian  masters,  Hemony  was  the  most  prolific. 

At  Bsinftrdino  Lnini  has  flooded  Lombardy  with  his  pictures,  so  has 

II— nil  flooded  Holland  and  Belgium  with  his  bells.     We  get  quite 

tii«d  of  reading  his  name.     He  excelled  in  little  bells,  as  did  Peter 

Van  dso  Gbeyn  in  big  ones;  and  SeTorin  Van  Aerschodt's  small  bells 

bsT*  all  his  exquisite  qualities.     I  noted  especially  four  in  semitones 

tbat  hang  in  the  Doko  of  Westminster's  tower  at  Eaton  Hall,  as  true 

M  aiijr  piaoofurte.     I  triod  to  get  over  for  the  lioyal   Institution 

aalsf«  of  Sererin  Van  Aerschodt's  Belgian  bells,  to  show  what  I 

B  by  a  bell  octsTe  in  tone.     I  did  not  succeed,  but  Messrs.  Gillett 

Blaod  lent  mo  foar  largo  ones  fairly  in  tune,  which  served  my 

Were  the  St.  Paol's  peal  as  well  in  tune  throughout  as 

Ihoso  four  bells,  I  should  be  content.     But  I  obtained  two 

^ bells  beloDgiiig  to  the  canllon  then  being  cast  by  Severin 

I  Aancbodt  for  C«ttistock  Rectory,  Dorchester ;  they  are  in  tone 
t  iae  TioloQoaUo,  and  are  toned  to  a  minor  third.  No  pianoforte 
I  Im  bettor  in  tune. 

T»  Jaow  tbat  the  pianoforte  is  never  aoourately  in  tune,  and 
■I  balla  wo  must  expect  a  lower  standard,  and  all  I  seek  for  in 
amy  htiSrj  is  aa  ordinary  octavo  good  enough  to  satisfy  an  ordinary 
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musical  ear;  but  I  do  not  know  ono  Binglo  Englisb  bcLfi 
thero  is  even  ono  tme  octave,  much  less  one  and  a  half.  In  s 
suite  of  forty  bells  there  will  probably  be  bells  out  of  tune 
pass  in  forty  what  we  may  fairly  coudema  in  twelve.  I 
where  tho  difficulty  soems  to  be.  It  usually  begins  about  th( 
note,  sometimes  earlier.  The  difficulty  of  casting  tho  up] 
right  with  tho  lower  is  considerable  ;  and  the  St.  Paul's  ] 
most  others,  goes  wrong  at  tho  critical  point.  Now  what  I  ) 
with  in  the  St  Paul's  peal  is  this:  the  first  seven  notes  are  vi 
in  tune,  but  the  eighth  note  is  sharp  for  the  octave.  That 
they  all  begin  to  go  wrong,  and  thou  commences  an  altoge' 
tonal  series.  That  is  the  incurable  plague  from  which  all 
bells  suffer,  a  miiod  tonal  series.  You  get  on  very  well  at 
you  arrive  suddenly  at  a  uoto  which  is  no  portion  of  tho  b* 
began  with.  I  have  here  a  bell  of  Van  Aorschodt's,  and  oi 
Mr.  Lewis,  the  organ  builder,  kiudly  lent  me ;  they  ore  b 
bells,  but  by  no  possibility  can  they  over  go  together,  for  th€ 
to  two  different  tonal  series ;  they  are  trying  to  be  a  tl 
nothing  will  ever  make  them  a  third  or  any  interval  of  ( 
octave.  I  also  produce  a  specimen  of  an  incurably  bad  be 
for  quite  other  reasons  could  never  belong  to  any  tonol  ser. 
The  much-praised  bells  of  St.  Saviour's,  Southvvark,  by  Kn 
Mears,  begin  well,  with  tho  first  seven  notes  fairly  true, 
eighth  note  is  sharp,  and  after  that  all  is  wrong.  Then  ther 
bells  at  Fulbam,  by  Ruddle,  1729,  which  are  very  much  adm 
they  possess  a  very  fair  octave ;  but  with  tho  ninth  note  tht 
wrong,  and  never  get  right  again. 

It  is  just  the  same  with  tho  largo  suite  of  twenty  bells  p 
Manchester  Town  Hall  by  Messrs.  Taylor  of  Loughborough 
A  to  A  you  get  a  fair  octave ;  fmm  c  to  o  the  upper  o  is  sharp 
series  never  I'ecovers  itself.  Messrs.  Gillctt  and  Blaud,  p 
this,  have  wisely,  in  arranging  the  tunes,  made  most  use  of  t 
and  niedium-sizod  bells,  which  are  best  in  tune.  Taylor 
best  in  his  medium-sized  belis.  I  remember  saying  to  ¥an  Ai 
"  It  is  a  very  odd  thing  that  tho  English  bells  all  go  wron 
seventh  or  eighth  note ! "  and  he  said,  "  1  don't  wonder  at  it, 
is  our  difficulty.  Wo  can  tune  the  first  octave,  bat  it  is  tli 
ono  that  is  difficult,  and  the  third  ie  more  difficult  still." 
"  llow  long  do  you  give  to  tune  a  bell  ?  "  He  'replied,  "  At 
days  to  each  boll,  and  to  get  a  carillon  right,  the  upper  ' 
lower,  there  is  no  rule,  no  limit ;  that  is  why  I  cannot  supply 
quickly  as  my  impatient  customers  desire.  Tuning  the  be 
away  my  sleep  at  night ;  I  lie  awake  thinking  of  them ;  I  m 
them  all  together,  must  have  the  first  octave  there,  when  I  g 
second  and  third  octaves."  That  is  how  such  perfect  work 
have  before  you  in  these  two  bells  is  produced,  because  M 
Acrschodt  loses  Lis  sleep  at  night. 

Now  I  should  have  thought  it  did  not  want  a  prophet  to 
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^•t  the  WeetmiiiRter  quarters  are  ont  of  tunc,  bnt  apparcutly  it  does, 
•0  I  will  be  that  prophet.  It  is  astonishing  what  musical  people 
vill  aajr  when  they  are  put  to  it,  to  what  extraordinary  opinions  they 
will  commit  tbemficlTOs  abont  bolls  being  in  tune;  and  the  only 
eaatlntiaa  one  can  come  to  is,  tliat  they  have  never  considered  bells 
M  amaic*]  notes  at  all,  and  therefore  they  do  not  expect  much  from 
IliiBB.  and  if  they  get  little  they  are  satisfied.  .  .  .  What  does  Mr. 
Tarie,  the  organist  of  Westminster  Abbey,  say  abont  them?  No  one 
doabta  tlie  ability  of  Mr.  Tnrle.  Well,  he  says,  "  I  think  they  are 
piettj  rigfat! "  And  what  does  Dr.  Pole  say?  He  says  he  finds  they 
"an  not  mnch  amiss."  And  then,  when  yon  come  to  press  Mr. 
Tnrla,  be  aays  that  the  fourth  bell  it  flat,  and  when  you  come  to  press 
Dr.  Pole,  he  says  the  first  boll  it  sharp.  Now  what  do  yon  suppose 
M  tfie  BOBcal  value  of  four  bells,  the  fiirst  of  which  is  sharp  and  the 
fcvrtli  <bt  t    Why,  nothing  at  all. 

The  atray  of  the  Cambridge  chimes,  as  given  by  Mr.  Raven,  the 
ion    adopted   at   Westminster,   and   so   popular   throughout 
od,  is  interesting.     In  179.3   it  was  determined  to  have  new 
I  at  St.  Mary's  at  Cambridge.     Crotch  (aflorwards  Dr.  Crotch), 
tba  pupil  of  Dr.  Ilandal,  was  consulted  by  a  certain  Dr.  Jowett, 
I  wi  tlw  profeMors.     Crotch  was  at  that  time  a  very  clever  choir- 
,  md  BOggeeted  the  progressions  to  be  chosen  for  the  Cambridge 
He  took  a  bar  in  Handel,  which  he  thought  would  make  a 
It  is  the  fifth  bar  in  the  prelude  to  "  I  know  that  my 
liveth,"  and  out  of  that  fifth  bar  came   the  remaining 
,  bftlf-lioar,  and  hour. 


Fmt  quarter. 


S<eoD4,qiiut«r. 


fr^=r-r7wrT^ 


Third  qunrlcr. 


^ 


^ 


S 
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Fourth  qa>rt<r. 


Hour. 


^F^f^^^^f#ffe^^fc^ 


Bsfare  proceeding  to  speak  of  the  making  of  belU,  I  must  offer  you 
•MM  ndfaMatery  remarks  on  the  nature  of  sound.  What  is  the 
AfcMWB  batwetai  noiae  and  a  musical  sound  ?  Roughly  speaking, 
ttim  !■  tsijiag  ftDd  nniteady ;  sound  is  steady,  constant,  one  note 
jkUiam  e^Ml  amnbera  of  ribratioss  in  an  equal  time.  Musical 
wmmitt  pnidaoed  by  alternate  air-pnlaea  of  condensation  and  raro- 

TaLlX.    (No.  71.)  I 
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»<;tion.  Wlien  tbe  pnlsos  sacceed  each  othor  with  a  certi 
of  rapidity,  a  musical  sound  is  generated.  The  scientific  ii 
known  as  the  "  syren  "  ilhistratos  this.  A  musical  sound 
three  ways — in  loudness,  pitch,  and  quality.  The  luudneat 
on  the  extent  of  the  vibrations,  the  pitch  on  the  rapidii 
vi))ration8,  and  the  quality  on  the  mode  of  vibration.  Th 
fork  demonstrates  to  the  eye  the  extent  and  rapidity  of  tl 
vibrations ;  the  pianoforte  and  violin  will  enable  us  to  an 
quality,  which  dejK'nds  on  the  mode  of  vibration. 

It  is  obvious  that  the  same  note  struck  on  violin,  ] 
flttte,  &c.,  differs  in  timbre,  or  quality.  What  causes  that  d 
Bclmhdltz  has  shown  us  that  most  musical  notes  are  not  s 
oomposito,  sounds.  Ho  calls  these  clangs ;  they  contain  wi 
certain  buried  notes,  belonging  to  a  fixed  series,  and  the» 
overtones ;  and  the  quality  of  every  clang  •  depends  upon  th 
order,  and  intensity  of  those  overtones.  The  presence  of  o\ 
a  clang  can  be  easily  demonstrated  by  striking  a  note  on 
forte,  just  releasing  the  damper  of  its  octavo,  and  by  t 
resonance  the  overtones,  often  up  to  the  eighth,  will  be 
sounding  sympathetically,  which  would  not  be  the  caae  wei 
really  buried  iu  the  clang  of  the  one  struck. 

Orertone*. 
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The  law  obeyed  by  the  overtone  series  can  bo  seen  at 
and  it  is  to  the  presence,  number,  order,  and  relative  ii 
these  overtones  that  we  owe  all  that  variety  of  musical  tin 
makes  the  charm  of  an  orchestra  and  furnishes  with  ini 
tonal  resources  the  empire  of  musical  sound. 

An  approximately  pure  tone  like  that  of  a  toning-fc 
upper  notes  of  a  pinno,  is  insipid  and  characterless.  Kii 
character  come  in  with  the  presence  of  tliese  latent  ove: 
order  of  which  the  diagram  will  show  you  at  a  glance.  I 
always  present,  nor  are  those  present  always  iu  the  same  p 
scries,  nor  are  they  always  of  equal  intensity ;  therefore  it  i 
quality  depends  on  the  number,  order,  and  relative  inton 
overtones  present  iu  a  claug  or  composite  note.  Now  as 
have  but  one  clang,  yielding  to  the  car  but  one  definite  mt 
the  construction  of  a  scale  on  violin  or  piano  with  such 
simple.     But  when  you  come  to  bells,  I  believe  you  have 

•  Composite  note. 
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■ad  the  Mune  bell  with  a  number  of  different  clangs,  each  with  its 

of  orertones,  the  oTcrtoues  of  the  different  clangs  somotimos 

ovvrpoweriiig  each  other,  at  others  tonea  are  found  in  the  bell  repre- 

— «*"«B  interrals  leas  than  a  minor  third,  and  producing  beatn,  and  at 

the  mme  time  we  get  certain  deep  hams,  which  I  belierc  must  bo  due 

to  wh*t  in  aconatioa  are  called  combination  tones.     Now  obviously 

wkat  a  bell   aims   at   mnsically  is  one  fundamental  note,  and   the 

ia  how  to  subordinate  all  other  clangs,  oxtingirfhing  those 

that  are  discordant,  and  subduing  the  OTcrtoncs  uf  the  fun- 

clang,  so  that  none  of  them  drown  the  dcsirod  note  of  the 

Thna  when  jon  strike  the  bell  on  the  sonnd-bow  you  get  one 

note,  Tarying  in  quality  according  to  the  number  and  propor- 

taoa  of  the  oTertonee,  varying  also  according  to  the  character  and 

pidi  of  any  other  nnextingnished  clangs  that  may  be  present. 

I  BUMl  content  myself  with  pointing  hero  to  the  elements  of  the 

which  can  only  be  solved  by  experiment     The  bell-founder 

in  a  word,  to  contend  first  with  different  clangs,  secondly  with 

load  orettoDoe,  thirdly  with  beats,  and  fourthly  with  combination 

ksBS ;  and  the  problem  is  how  to  obtain  the  presence  in  right  pru- 

■octiuu  of  thoae  tones  he  requires  in  order  to  produce  the  timbre  of 

^Hii  fbndsmfintal   note,   and  how   to  extinguish   those  tunes  which 

^^plaHfare  with  the  snpremacy  or  quality  of  his  fundamental  note. 

^^    How  tha  Belgians  have  a  summary  way  of  settling  all  thi.o.    They 

ll  th«  BQilo,  and  have  a  clear  perception  of  the  quality  they  require, 

aad   (hejr   find   that   what  they   look   for   goes   along    with   certain 

|iO|wtiaa  eaaily  tested;  they  seek  by  rule  of  thumb  for  the  presence 

of  a  tUid,  fifth,  and  octave  in  each  bell,  and  they  tap  the  bell  in 

iitaia  pImco,  aa  I  have  olacwhere  described,  in  order  to  develop  this 

lUid,  Mli,aii<d  octave;  and  any  ear  trained  in  boll  sounds  wiU  be 

ahla  to  detect  the  presence  of  at  least  the  third  or  fifth,  and  generally 

Iha  oeteva^  in  a  good  Belgian  bell.     The  presence  of  these  prcfmnde- 

aliaw  aad  aaloctod  notes  is  important,  aa  constituting  the  bell  in  tuue 

with  naeU^  a  qoality  of  the  last  im{>ortance  in  musical  suites  of  bells 

feHwd  for  the  carillon. 

If,  BOW.  I  am  ftirther  asked  upon  what  depends  the  manufacture  of 

^^rila  poanaaing  these  properties,  I  must  again  reply  generally,  in  the 

^^Ksl  ftMO,  quantity  and  character  of  the  mutals  ;  secondly,  shape,  pro- 

^^•fliaa,aBd  varions  thicknesses  of  the  bell.  Only  two  metals  are  now 

Mid  ia  lafga  holla,  tin  and  copper.   The  Belgians  use  23  to  30  per  cent. 

af  tia :  tbo  English  l«an  to  mote  tin,  25  to  31  per  cent     Tin  makes 

Iho  bad  ieoad  Imght  but  it  also  makes  the  bell  brittle  :  and  the  reason 

why  Uh  ^g*"**  oaa  afford  to  put  in  more  of  this  brittle  element  is 

haeaaM  ttoy  mako  their  bells  thicker  as  a  rule ;  and  the  reason  why 

A07  are  aiada  thiokar  ia,  that  instead  of  being  merely  chimed,  they 

roaad  oa  a  wheel,  which  brings  the  hammer  with  great 

Hm  ball.     If  we  treated  the  delicate  Belgian  Ix^^lls  in  this 

wo  ahonld  probably  crack  thorn,  though  if  it  were 

that  thej  would  ho  swong,  the  Belgian  makers  could  doubtless 
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thicken  tbom  to  order;  they  are  not  meant  in  Belgium  to  ba' 
like  big  drums,  but  to  be  struck  with  hammers  from  pp  to 
pianoforti'.     Thoy  rcsonnto  more  easily  than  English  bells, 
a  gentler  stroke  to  elicit  their  full  tone.     In  a  word,  the  Be 
is  a  musical  note,  not  a  gong  or  n  drum.     Then  again,  the 
and  general  proportions  of  the  bell  are  uf  the  greatest  momei 
vary  from  one-tiftt^enth  to  one-twelfth  of  the  diameter  at  thi 
part  of  the  soimd-bow,  and  the  height  is  commonly  about  tw( 
the  tliickuuss.     English  bolls  are,  roughly,  as  bro;ul  as  they 
if  you  measure  diameter  from  outside  rim  to  riai,aud  length 
to  top  of  canon.     But  in  truth  tlie  thickness  of  the  bell  a4 
levels  is  all-importnut.     The  thickness  near  the  top  is  as 
as  that  of  the  sound-bow,  and  the  diameter  of  the  crown  as 
dimension  as  that  of  the  rim.     The  deep,  rich  tone  (in  pro 
size)  of  the  smaller  Belgian  hells  is  probably  largely  due  U 
top  diameter,  combined  with  the  ti^inness  in  certain  prop 
the  sides  half-way  down.     The  way  in  which  altering  the 
affects  the  tone,  and  oveu  the  pitch  of  a  boll,  is  shown  by  th 
a  sharp  bell  can  bo  flattened  by  shaving  off  the  metal  inside 
Bouud-bow ;  and  Mr.  Lewis  tells  mo  that  be  has  dcstroyec 
scooping  the  boll  elsewhere  until  they  disappeared  at  a  ceri 
but  that  on  continuing  to  scoop  they  rcajipcared.     All  ( 
how  purely  tentiitivo  and  cxperimcutal  is  at  present  the  a 
founding  in  England.     In  Belgium  it  is  not  scientific,  but 
the  uccumulntid  experience  of  ages.     A  certain  tact  or  rule 
takes  the  place  of  science;  rules  there  must  be,  founded  on 
but  the  niastL-rs  cannot  explain  their  secrets.     They  produc 
of  ort,  others  are  left  to  discover  the  laws  thoy  have  obeyi 
wo  have  analyzed  their  methods  we  may  be  able  to  make  i 
So  thought  tiie  GormauB  when  thoy  measured  and  analyze^ 
and  Tintoret,  and  produced  the  correct  but  lifeless  banal 
Schcffer ;  bo  thought  Vuillaumo  when  ho  imitated  the  Ai 
even  to  the  very  worm-holes,  but  for  all  that  the  French  fidi 
Amatis.     It  may  turn  out  that  in  the  making  of  rich  mi 
like  those  of  Van  Aorschodt,  there  is  something  which 
taught — ^the  instinct,  the  iucommunicablo  touch. 

When  Sevorin  Van  Aerschodt,  the  lineal  descendant 
den  Ghoyns,  the  depository  of  the  Hemony  traditions,  dra 
he  will   vary  his  model    here,  giving  amplitude  to  thi 
depression  to  that ;   he  has  no  fixed  or  proportionately 
scale  for  a  suite  of  bells,  but  every  boll  is  drawn  separate 
no  fixed  proportion  of  tin  and  copper,  but  for  every  four 
the  quantity  of  tin  is  varied.     I  was  present  lately  at 
of  six   largo  hells  for  the  Courtrai  carillon,  Belgium. 
glowing  pool  of  metal  boiled  like  a  sea  of  dazzling  jasper, 
surface  ccrtoin  strange  lines  of  sinuous  motion  begon  t 
circle  like  live  things  born  in  the  heat  of  that  imearthly  t 
the  master  hod  a  ladloful  of  the  crystal  fluid  taken  out  a 
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iaio  eold  vater ;  ho  then  broke  it,  and  after  a  glanco  at  it,  took  a 
enaple   more    blocks  of  tin  and  tbrew  tliem  into  the  famace.     In- 
lly  the/  dissolved  like  wsiz.     But  what  effect  could  that  hare 
meh  ft  mass  ?     It  was  rule  of  thumb ;  he  obeyed  an  instinct 
idi  be  ooald  no  more  explain  than  the  skilleil  doctor  can  explain 
*hy  he  raries  slightly  jour  prescription,  or  pitches  upon  the  appro- 
Mwto  nmedj — instinct  bom  of  accumulated  experience  which  cannot 
M  touglit.     We  maj  sncor  at  all  this  rule  of  thumb,  this  wnnt  of 
b«t  would  it  not  bo  wiser  to  make  as  good  bells  before  we 
»t  the  way  in  which  good  bells  are  made  ? 

IV. 

I  wiU  cIoM  with  a  few  remarks  on  bell  masio.  I  shall  leave  to 
the  task  of  descanting  on  bell-ringing,  which  I  do  not  call  bell 
,  •Ithongh  it  has  the  sort  of  musical  (polity  possessed  by  scales 
lad  autmma  It  ia  well  known  that  our  peals  of  bells  are  sn-ung 
li^bft  roimd  on  wheels,  and  thus  each  time  a  stiff  blow  is  delivered, 
■ad  a  proportionate  shock  imparted  to  the  tower  and  boll-frame. 
Bdive  Elizabeth's  time  only  the  half  wheel  was  used,  so  bolls  could 
BBner  btt  awuDg  fairly  np ;  bat  the  art  of  bell-ringing  made  a  giant 
itri4«  wbon  Fabian  Stodman,  about  1567,  iuvcntoil  a  system  of  bull 
■ototioii  bj  which  changes  on  a  few  hcUa  might  be  rung  ad  infinitum. 

Start  with  three  bells,  1,  2,  3,  and  proo.'cd  1,  3,  2 ;  2,  1,3 ;  3,  3, 
1 ;  S,  1,  3  ;  3,  2,  1 ;  it  is  much  simpler  than  writing  a  tunc,  and  has 
Am  narh  of  a  perfectly  purgatorial  prolongation,  so  that  it  would 
tAa  ■taaty-ooo  years  to  ring  the  changes  on  twelve  bells,  at  the  rate 
tt  two  atntkea  a  second,  and  the  full  changes  on  twenty-four  bells 

"I  oeespy  one  hnndrctl  and  seventeen  thotisand  billions  of  years. 


Ho  MM  eaa  watch  the  skilled  ringer  without  admiration  at  his  lithe- 
aud  tliu  deft,  clever  manipulation  of  that  treacherous 
to  be  CiMiuetUMl  with  and  released  at  intervals  umlor 
of  dimgging  the  luckless  ringer  up  to  the  roof,  and  there 
Ir*  dralL  No  one  can  look  at  the  ingenious  arithmetical 
displayed  in  Stedman's  '*  Tintiunulogia"  witliout  ad- 
of  a  kind ;  but  this  huuting  up  and  down,  the  do<1ging  and 
the  plain  bob,  and  the  extreme  change,  is  not  music, 
■hirirrg't  ii  may  be  prolonged  for  ninety  or  a  billion  years;  it  is 
•aardaa,  it  davelopa  muscle,  quickness,  an<l  it  promotes  thirst. 
On  a  —"■■"''  eTBning,  aume  way  (>Sl,  it  is  pleasant  enough,  especially 
H  htmii  only  at  intunrals;  but  the  bell-ringer's  paradise  is  the 
mnmt  ian's  It^Tcmo ! 

Kothia^  oaa  jnstify  tho  practice  of  pntting  a  citizen  of  London 
iknm^  two  boara  of  chango  ringing  with  twelve  heavy  IhjUs  by 
l^^ar  of  I<oa^bor'  I  tho  Burost  way  to  dutor  the  public  from 

'"      m  dalicio'.  'i  carillon  of  forty  bells  for  the  sister 

I  tbcm  ftuppuso  tliat  it  will  produce  a  sound  similar  to 
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Bell  music  oomcB  in  with  the  bell  etruck  by  a  hammer  ai 
as  a  musical  Dote. 

Wo  hear  a  good  deal  about  the  clapper  bringing  out  the 
of  the  bell  each  time — but  who  wants  that  in  music  ?  Do  yi 
a  Sims  Reeves  to  bawl  ont  each  note  at  the  top  of  his 
Joachim  to  play  fortissimo  throughont  ?  Bat  in  fact  the  Brj 
the  wheel  of  torture  and  the  purgatorial  clapper  because, 
Belgian,  he  has  nerer  considered  his  belfry  in  the  light  of 
instrument. 

Bell  mnsic  comes  in  with  the  barrel,  the  carillon,  cl 
keyboard,  and  the  suite  of  bells  turned  in  Bomitones. 

Tlie  barrel  is  similar  to  the  reTolving  barrel  of  a  music 
is  fitted  all  over  with  spikes  which  lift  tongues  at  whose  en 
the  wire  attached  to  the  hammers  up  aloft,  each  acting  < 
bell.  Our  clock-chimes  are  thus  played ;  and  in  Bclgiui 
revolving  barrtls  fitted  with  thouwinds  of  spikes  liberate  a 
of  music  every  ten  minutes,  and  at  the  hour  some  mclod 
accouipanimont,  as  from  a  pianoforte,  flouts  over  city  ) 
ramparts — and  why  is  not  this  oppressive  ?  One  bell  if 
much  for  us,  how  should  wo  endure  sixty  ?  Better  far  thai 
the  one  or  two,  dintj,  dong,  that  wear  out  the  tympanui 
honsc  property.  Substitute  for  this  little  flights  of  music, : 
is  charmed  and  recreated. 

We  have  to  learn  the  nee  of  small  bells  mixed  wil 
Wo  deal  only  with  heavy  peals  of  ton  or  twelve.  But  e 
suite  of  thirty,  ranging  from  two  or  ten  tons  to  a  few 
liundred weights,  and  divide  the  music  between  them,  using 
your  big  bells  than  yon  would  of  your  bass  notes  on  the  pia 
and  bow  different  the  result  [  Again,  it  is  noise,  not  musii 
Briton  insists  upon  in  his  bells,  and  when  ho  has  got  it  h( 

But  the  triimiph  of  bell  music  is  only  reached  with 
tion  of  the  clavecin  or  keyboard.  In  Belgium  the  koybc 
fif  jutting  pegs,  tones  and  ecmitones,  ranged  like  whitt 
keys,  one  above  the  other,  with  a  row  of  pedals  for  the  fet 
the  big  bells.  A  smart  blow  is  needful  to  bring  out  the 
the  carilloncur  sits  stripped  to  his  shirt,  and  proceeds  w 
gauntlets  to  manipulate  his  mighty  scales.  The  English 
keyboards  have  distinct  qualities.  The  English  machine: 
and  Bland  substitutes  for  pegs,  keys ;  and  the  lightness  oi 
with  the  player.  A  lady  can  play  the  heaviest  suite  with 
instant  the  hammer  drops  it  is  lifted  again  byindepeuden 
and  all  that  the  pressed  key  does  is  to  let  off  the  hammer 
trigger.  In  the  Belgian  clave<;in  the  peg  has  to  lift  with 
leverage  as  well  as  to  liberate  the  hammer — heticothe  hea 
Belgian  touch ;  but  musicoUy  the  Belgian  clave<;in,  n 
bears  the  palm,  for  the  Belgian  carilloncur  can  impart  b; 
the  most  delicate  j>p  or  emphatic  ff ;  he  can  produce  at  wi 
crescendoB  and  decrcscendos,  while  of  course  he  who  onl; 
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in  the  English  patent  method,  cannot  control  its  stroke, 
tifol  English  mechanism  has  bocn  applied  by  Messrs.  GUJott 
d  to  the  Manchester  carillon  and  clsewhoro. 
At  Mechlin  the  barrel  weighs  1^  ton,  containing  16,200  holes, 
•ad  the  present  tunes  for  the  hour  are  produced  by  2900  nuts  or 
The  tunes  are  changed  twice  a  year  by  the  carilloncur, 
DeDyn.  M.  Adolphe  Denyn  is  acknowledged  to  bo  the  first  caril- 
liring;  he  is  fifty-two  years  old,  strong,  thickset,  muscular; 
most  genial  and  obliging,  and  a  mnsician  of  the  finest  quality. 
has  berai  carilloneur  of  Mechlin  for  twenty-nine  years,  and,  us 
&iled  to  hear  him  six  years  ago,  I  communicated  with  him  last  year 
in  time,  and  was  fortunate  enough  to  be  present  at  on  exceptionally 
fae  performance,  which  was  most  courteously  protracted  for  an  hour 
tat  ny  benefit.  To  hear  M.  Denyn,  go  to  Mechlin  and  take  your 
iland  in  the  market-place  at  eleven  o'clock  on  Sunday,  or  at  eleven  to 
twelve  on  Saturday  morning. 

It  waa  market-day,  and  crowds  were  assembled,  and  stood  in 
^oupa,  after  bnainees,  about  twelve  o'clock,  to  listen  to  their  favourito 
llayer.  I  stood  first  at  a  remote  comer  of  the  market-place,  and 
after  a  short  running  prelude  from  the  top  bells,  weighing  only  a  few 
ptrmnfa  and  hundredweights,  to  the  bottom  ones  of  several  tons, 
m.  Denyn  broke  into  a  brisk  gallop,  admirably  accented,  and  sustained 
at  a  good  tearing  pace  without  flagging  for  a  single  bar.  Such  an 
oerciae  oonld  nut  last  long,  as  I  quickly  perceived  when  I  ascended 
Ike  bdfry  and  watched  him  at  work.  Whilst  he  was  playing  I  mode 
mj  way  up  the  winding  stairs  of  that  immense  and  incomparable 
lower,  which  for  majesty  and  beauty  combined  has  always  seemed  to 
ae  to  iland  absolutely  alone.  The  room  of  the  carillon  keyboard  is 
Bol  large,  but  just  suffices  to  isolate  the  player  from  the  resonance  of 
Ifae  baUs  above  and  below  him.  M.  Denyn  then  played  mo  some 
■dliirably  selected  flowing  melodies  with  full  legatu  accompaniments, 
in  flw  atyle  of  "  Adelaide  "  and  "  Casta  Diva."  Then  he  gave  me 
a  apai  iiiiaii  of  bravura  iiassages,  using  the  great  nino-tou  and  six-ton 
tat  the  melody  wiUi  his  feet,  and  carrying  on  a  rattling  accom- 
of  demi-semiquavers  on  the  treble  bells.  Next,  after  a 
npid  paaMtge  of  sweeping  arpeggios,  ho  broke  into  a  solemn  and 
dalalj  movement,  which  reminded  me  of  Chopin's  "  Funeral  March." 
TUa  ma  followed  by  an  elaborate  fantasia  on  airs  from  the  Dame 
Slomdkf — interrupted  by  the  mechanical  clock  tunc,  "  Commo  on  aimu 
4  Tiast  ana."  M.  Dcuvn  waited  patiently  until  the  barrel  liail  finished, 
nd  than  plongcxl  rapidly  into  an  extcni|K>rc  continuation,  which  was 
iattr  jioiati  on  to  the  mechanical  tunc,  and  must  have  sounded  below 
■■  n  the  barrel  had  beoomo  suddenly  inspired  or  gone  mad.  Ho 
my  attention  eapecially  to  the  complete  control  he  had  over  the 
and  /orlM,  now  lightly  touching  the  l>ell8,  now  giving  them 
^IfimilMlim  atrokoa.  Tie  wound  up  with  "  God  save  the  Queen," 
fcaaalifllTlj  hamonixod,  and  I  must  say  that  I  never,  on  piano  or 
tWia,  hnrd  oiora  adninblo  phraeing  and  expressive  rendering  of 
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niolt>dy,  whilst  the  vigour  and  sustained  fire — straining  ey 
ftnd  muscle  until  tho  whole  tnan  became  one  with  the  vast  m 
he  set  in  motion — reminded  mo  of  Bomo  of  Bubinstein's  finesi 
How  indispensable,  bow  historic,  and  how  dignified  are  tb 
bells !  And,  above  all,  let  us  remember  that  if  bells  are  n( 
they  are  noise,  and  that  noise  is  projudioiol  to  health  and  ei 
to  the  nervous  system.  Firstly,  thou,  let  us  cast  our  bells 
secondly,  let  us  cultivate  that  cxccllout  quality  which  was 
admired  in  tho  Belgian  bolls  exhibited  on  the  table  before  you 
let  us  encourage  the  casting  of  large  suites,  fi>r  it  is  the  adm 
the  smaller  bolls  which  recreates  tlie  car,  throws  up  by  cor 
grandeur  of  the  largo  ones,  and  makes  possible  tho  perfornmn 
pianoforte  scores ;  and  fourthly,  lot  us  cultivate  the  nob 
carillon  clave<;tu  playing,  so  that  our  organists  shall  loo 
belfry  for  their  second  keyboard,  and  tho  citizens  learn  to 
on  Saturday  or  Sunday  afternoon  to  listen  to  tho  compos 
Haadcl  or  Mendelssohn  tolled  forth  on  a  prodigious  scale, 
most  colossal  instrumcut  it  has  ever  entered  into  the  heart  < 
conceive  or  to  realize 
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[c.  WnxiAM  Sbhkxb,  Esq.  D.C.L.  F.RS.  Yico-Prcsidont,  ia  tho  Chair. 

Sim  WiLLiAX  Thomson,  LL.D.  F.R.S. 

The  Sorting  Demon  of  Maxwell. 

[AUilract.] 

P'Tke  word  "  demon,"  which  originally  in  Greek  meant  a  enpematural 
being;  baa  nerer  been  properly  used  to  signify  a  real  or  ideal  persooi- 
fto»ti(ni  of  malignity. 

Clerk  Uaxwell's  "demon"  is  a  creature  of  imagination  having 
tertmin  perfectly  well  defined  powers  of  tuition,  purely  uiccliauical  in 
their  chancter,  invented  to  help  us  to  understand  the  "  Dissipation  of 
&agy  "  in  nature. 

He  is  a  being  with  no  preternatural  qualities,  and  differs  from 
real  living  animalg  only  in  extreme  smallness  and  agility.  He  can  at 
plnertmi  stop,  or  strike,  or  push,  or  pull  any  single  atom  of  matter, 
•Dd  10  moderate  its  natural  course  of  motion.  Endowed  ideally  with 
am  and  hands  and  fingers — two  hands  and  ten  fingers  suffice — he 
can  do  M  much  for  atoms  as  a  pianoforte  player  can  do  for  the  keys  of 
Ike  piano — just  a  little  more,  he  can  push  or  pull  each  atom  in  any 


Ha  cannot  create  or  annul  energy;  but  just  as  a  living  animal 
,  be  ean  store  up  limited  quantities  of  energy,  and  reproduce  them 
at  wilL  By  operating  selectively  on  individual  atoms  be  con  reverse 
Ike  aetand  diatipation  of  energy,  can  cause  ono-half  of  a  closed  jar  of 
iir,  or  of  a  bar  of  iron,  to  become  glowingly  hot  and  the  other  ice  cold ; 
can  dinct  tbe  energy  of  the  moving  molecules  of  a  basin  of  water  to 
Ibrow  Ibe  water  np  to  a  height  and  leave  it  there  proportionately 
"  "  (1  deg.  Fahrenheit  for  772  ft.  of  ascent);  can  "sort"  the 
in  a  solution  of  salt  or  in  a  mixture  of  two  gases,  so  as  to 
I  kbe  natoral  process  of  diffusion,  and  produce  concentration  of 
An  nlBtioii  in  one  portion  of  the  water,  leaving  pure  water  in  the 
fiaaiadar  cif  the  space  occupied ;  or,  in  the  other  cose,  separate  tho 
pmm  into  different  parte  of  the  containing  vessel. 

"  Dianpation  of  Energy "  follows  in  nature  from  the  fortuitous 
of  atoms.     The  lost  motivity  is  essentially  not  restorable 
rise  than  by  an  agency  dealing  with  individual  atoms ;  and  tho 
of  dealing  with  tho  atoms  to  restore  motivity  is  essentially  a 
I  of  MKnrtment,  sending  this  way  all  of  one  kind  or  class,  that 
way  all  of  uwUmt  kiad  or  class. 

Tbe  chwifirstioB,  according  to  which  the  ideal  demon  is  to  sort 
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thorn,  may  bo  according  to  tho  essontinl  character  of  the  al 
instance,  all  atoms  of  hydrogen  to  be  let  go  to  the  left,  or 
from  crossing  to  the  right,  across  an  ideal  boundary;  or  it 
according  to  tho  velocity  oach  atom  chances  to  hare  whei 
proochoe  tho  boundary  :  if  greater  than  a  certain  stated  amo' 
to  go  to  tho  right ;  if  leas,  to  the  left.  This  latter  rule  o 
ment,  carried  into  execution  by  the  demon,  diacqualisos  torn; 
and  undooB  the  natural  diffusion  of  beat ;  the  former  ua 
natural  diffusion  of  matter. 

By  a  combination  of  the  two  processes,  the  demon  can  d> 
water  or  carbonic  acid,  first  raising  a  portion  of  tho  com 
dissociational  temperature  Ahat  is,  tomperatnro  so  high  that  < 
shatter  the  compound  moloculcs  to  atomii),  and  then  sen 
oxygen  atoms  this  way,  and  the  hydrogen  or  carbon  atoms  t 
or  he  may  effect  docompuaitioo  against  chemical  affinity  o 
thus: — Let  him  take  in  a  small  store  vt  energy  by  resisting  tl 
approach  of  two  compound  molecules,  lotting  thorn  press  as  i 
his  two  hands,  and  store  up  energy  as  in  a  bout  spring,  the] 
apply  the  two  hands  between  the  oxygen  and  tho  double 
constituents  of  a  compomid  molecule  of  vapour  of  water, 
them  asunder.  He  may  rejicat  tliis  process  until  a  considci 
portion  of  tho  whole  number  of  compound  molecules  in 
quantity  of  vapour  of  water,  given  in  a  fixo<l  closed  vessel, 
rated  into  oxygen  and  hydi'ogen  at  tho  expense  of  energy  t« 
translational  motions.  Tho  motivity  (or  energy  for  motive 
the  explosive  mixture  of  oxygen  and  bydrogon  of  tho  one  caa 
separated  mutual  combustibles,  carbon  and  oxygen,  of  the  o 
thus  obtained,  is  a  transformation  of  the  energy  found  in 
stance  in  tho  form  of  kinetic  energy  of  tho  thermal  motia 
compound  molecules.  Essentially  different  is  tho  decomp 
carbonic  acid  and  water  in  the  natural  growth  of  plants,  tl 
ing  motivity  of  which  is  token  from  the  unduliitious  of 
radiant  heat,  emanating  from  the  intensely  hot  matter  of  the 

Tho  conception  of  the  "sorting  demon,"  is  purely  mt'clia 
is  of  great  value  in  purely  physical  science.  It  was  not  ii 
help  us  to  deal  with  questions  regarding  the  influence  of  1 
mind  on  tho  motions  of  matter,  questions  essentially  beyond 
of  mere  dynamics. 

[The  discourse  was  illustrated  by  a  sories  of  oxporimcntE 
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Sm  W.  Fbkdkbiok  Pollock,  Bart.  M.A.  Vico-Frosident, 
in  the  Oliair. 

Pbofessor  Hpxlbt,  LL.D.  F.R.8. 

Smmititm  and  the  Uniti/  of  Slrudure  of  Sensiferous  Or/jans.* 


Wb  are  indebted  to  Descartes,  who  happened  to  bo  a  physiologist 
M  irell  as  a  philosopher,  for  the  first  distinct  ODunciation  of  the 
MMBtial  elements  of  the  tme  theory  of  sensation.  In  later  times,  it 
fa  not  to  the  works  of  the  philosophers,  if  Hartley  and  James  Mill  are 
etoeptod,  bnt  to  those  of  the  physiologists,  that  we  must  turn  for  an 
•daqfuste  aooonnt  of  the  sensory  process.  Haller's  laminous,  tboogh 
•OBinary,  account  of  sensation  in  his  admirable  '  PrimtB  Lineaa,'  the 
Snt  edition  of  which  was  printed  in  1747,  offers  a  striking  contrast 
to  the  prolixity  and  confusion  of  thought  which  pervodo  Roid's 
'  Inquiry,'  of  Berenteen  years  later  date.t  Even  Sir  William  Hamilton, 
lekraed  historian  and  acute  critic  as  ho  was,  not  only  failed  to  appre- 
bMd  the  philosophical  bearing  of  long-established  physiological 
tnlin;  but,  when  he  affirmed  that  there  is  no  reason  to  deny  that 
&•  Bind  feels  at  the  finger  points,  and  none  to  assert  that  the  brain 
IS  tlie  sole  organ  of  thought,  ho  showed  that  ho  had  not  apprehended 
IIm  signifioMioe  of  the  revolution  commenced,  two  hundred  years  before 
him  tiine,  by  Descartes,  and  effectively  followed  up  by  IlaLlor,  Hartley, 
•bd  Bonnet  in  the  middle  of  the  last  century. 

la  tmth,  the  theory  of  sensation,  except  in  one  point,  is,  at  the 
MMOt  moment,  very  much  where  Hartley,  led  by  a  hint  of  Sir  Isaac 
Nvwioo's,  loft  it,  when,  a  hundred  and  twenty  years  since,  the  '  Ob- 
oa  Man :  bis  Frame,  his  Duty,  and  his  Expectations,'  was 


*  Ths  wbeb  Jlseoww  U  given  in  thn  '  Nineteenth  Century '  for  April,  1879. 

t  In  jMlias  to  Bsid,  however,  it  tliniild  be  ataUxl  Hint  the  cliaptent  on  (Miiua- 
ttM  ia  tns  'ttaay*  on  Uie  lotelieetu&l  Powen '  (1786)  exhibit  a  groat  iiuprove- 
■Mft  Ba  K  (n  ttei.  In  adnuioe  nf  liiii  oxamentator,  o*  tho  note  to  Eiaay  II. 
c^Pl  iL  p.  SM,  of  Hiunillon'f  edition  (how*. 


Profettor  Huxley 

laid  before  tho  world.     The  whole  matter  is  pnt  in  a  nulBbell  i 
following  passftgos  of  tliis  notnble  lKK)k  : — 

"  External  objects  iiuprcBg£iI  upon  tho  sonses  occasion,  fin 
the  nerves  on  which  they  are  impressed,  and  then  on  the  1 
vibrations  of  tho  small  and,  as  we  maj  snj,  infinitesimal  medi 
particles. 

"  These  vibrations  are  motions  backwards  and  forwards  o 
sraoU  particles ;  of  the  name  kind  with  tho  oscillations  of  pondi 
and  the  tremblings  of  the  particles  of  sounding  bodies.  They 
be  conceived  to  be  exceedingly  short  and  small,  so  as  not  to 
the  least  efficacy  to  disturb  or  move  the  whole  bodies  of  tho  r 
or  brain.* 

"  The  white  medullary  substance  of  tho  brain  is  also  the  immi 
instranicnt  by  which  ideas  are  presented  to  tho  mind ;  or,  in 
words,  whatever  changes  arc  made  in  this  substance,  correspo: 
changes  are  made  in  our  ideas ;  and  fiVe  i-ersd." 

Hartley,  like  Hallor,  had  no  conception  of  the  nature  and 
tiouB  of  the  grey  matter  of  the  brain.  But,  if  for  "  white  modi 
Eubstance,"  in  the  latter  paragraph,  we  substitute  "  grey  colluloj 
stance,"  Ilartloy's  pro])oRition8  ombudy  tho  most  probable  concli 
which  are  to  bo  drawn  from  tho  latest  investigations  of  physioh 
In  order  to  judge  how  complet<!ly  this  is  tho  case,  it  will  be  w 
study  some  simple  case  of  sensation,  and,  following  tho  exam] 
Keid  and  of  James  Mill,  we  may  begin  with  tho  sense  of  i 
Suppose  that  I  bocomo  aware  of  a  musky  scent,  to  which  tlie  na 
"  muskiness "  may  bo  given.  I  call  this  an  odour,  aud  I  cl 
along  with  tho  feelings  of  light,  colours,  sounds,  tastes,  and  the 
among  those  phenomena  which  are  known  as  sensations. 


Tho  pure  sensation  of  muskiness  is  almost  suro  to  be  ful 
by  a  mental  state  which  is  not  a  sensation,  but  a  belief,  that  th 
somewhere  close  at  hand  a  something  on  which  the  existence  ( 
sensation  depends.  It  moy  be  a  mnsk-doer,  or  a  musk-rat,  or  a  i 
plant,  or  a  grain  of  dry  musk,  or  simply  a  scented  handkerchief 
former  cxjierienco  leods  us  to  believe  that  the  sensation  is  duo  I 
presence  of  one  or  other  of  these  objects,  and  that  it  will  vanish 
object  is  removed.  In  other  words,  there  arises  a  belief  in  an  exl 
cause  of  the  muskiness,  which,  in  common  language,  is  termt 
odorous  body. 


It  is  unnecessary  for  the  present  purpose   to   inquire   int( 
origin  of  our  belief  in  external  bodies,  or  into  that  of  tho  noti 
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caaaation.  Aasnining  the  existence  of  an  external  world,  there  is  no 
difficnlty  ia  obtaining  experimental  proof  that,  as  a  general  rule, 
oUaatury  sensations  are  caused  by  odorous  bodies  ;  and  we  may  pass 
<n  to  Uie  next  step  of  the  inquiry — namely,  how  the  odorous  body 
prodooes  the  effect  attributed  to  it 

Tb«  first  point  to  be  noted  here  is  another  fact  revealed  by  ex- 
p«iaaee ;  that  the  appearance  of  the  sensation  is  governed,  not  only  by 
tho  preaenoe  of  the  odorons  sabstance,  but  by  the  condition  of  a  certain 

r,  ot  onr  corporeal  stmctore,  the  nose.  If  the  nostrils  are  closed 
preaenoe  of  the  odorons  snbstance  does  not  give  rise  to  the  sensa- 
tioB ;  while,  when  they  are  open,  the  sensation  is  intensified  by  the  ap- 
proxiiBation  of  the  odorous  Bubetanc«  to  thorn,  and  by  snuffing  up  the 
a^soaat  air  in  such  a  manner  as  to  draw  it  into  the  nose.  On  the 
other  hand,  looking  at  an  odorous  snbstance,  or  rubbing  it  on  the 
■kin,  or  holding  it  to  the  ear,  does  not  awaken  the  sensation.  Thus, 
h  oaa  be  readily  established  by  experiment  that  the  pervionsnees  of 
the  naaal  passages  is,  in  some  way,  essential  to  the  sensory  function  ; 
ID  taet,  that  the  organ  of  that  function  is  lodged  somewhere  in  the 
BMkl  passages.  And,  since  odorous  bodies  give  rise  to  their  effects  at 
ooaaiderable  distances,  the  suggestion  is  obvious  that  something  must 
paoi  from  them  into  the  sense  organ.  What  is  this  something  which 
pla^  the  part  of  an  intermediary  between  the  odorons  body  and  the 
■eoKiry  organ  ? 

Toe  oldest  speculation  about  the  matter  dates  bock  to  Democritns 
■ad  the  Epicurean  School,  and  it  is  to  be  found  fully  stated  in  the 
foBrth  book  of  Lucretius.  It  comes  to  this:  tliat  the  surfaces  of 
bodies  are  constantly  throwing  off  exoessiTely  attenuated  films  of 
Ihmx  own  snbstance ;  and  that  these  films,  reaching  the  mind,  excite 
lb*  apucopriato  sensations  in  it. 

Aastotle  did  not  admit  the  existence  of  any  snch  material  films, 
hat  ooaoeived  that  it  was  the  form  of  the  substance,  and  not  its 
■■ttar,  which  affected  sense,  as  a  seal  impresses  wax,  without 
looag  anything  in  the  process.  While  many,  if  not  the  majority, 
■f  the  Scboiilmcn  took  np  an  intcrmodiate  {Msition,  and  supposed 
that  a  aomething  which  was  not  exactly  cither  material  or  im- 
BHlerial,  and  which  they  called  an  "  intentional  species,"  effected  the 
aaadAd  eominnnication  between  the  bodily  cause  of  sensation  and  the 


Bat  all  Iheaa  notiona,  whatever  may  be  said  for,  or  against,  them 
ia  naaal,  are  fnndamentally  defective,  by  reason  of  an  oversight 
which  was  inevitable,  in  the  state  of  knowledge  at  the  time  in  which 
^er  were  promulgated.  What  the  older  philosophers  did  not  know, 
aad  oiiiild  not  know,  before  the  anatomist  and  physiologist  hod  done 
hi*  wtirk,  ia  that,  between  the  external  object  and  that  mind  in 
which  they  sapposed  the  sensation  to  inhere,  there  lies  a  physical 
ohitarJc.  The  aenso  organ  is  not  a  mere  passage  by  which  tho 
"  lennia  simalaera  rarom,"  or  the  "  inteutiouid  apeoioa  '  oast  off  by 
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objocta,  or  the  "  forma  "  of  sensible  things,  pass  straight  to  the  i 
on  the  contrary,  it  stands  as  a  finn  and  impervious  barrier,  th 
which  no  material  particle  of  the  world  without  can  make  its  1 
the  world  within. 

Let  us  cousidor  the  olfactory  sense  rirgan  more  nearly.  B 
the  nostrils  lends  into  a  passage  completely  separated  from  the 
by  a  partition,  and  these  two  passages  place  the  nostrils  in  fre( 
muuicatiou  with  the  back  of  the  throat,  so  that  they  freely  tn 
the  air  j>a88ing  to  the  lungs  when  the  month  is  shut,  as  in  on 
breathing.  The  floor  of  each  passage  is  flat,  but  its  roof  is  i 
arch,  the  crown  of  which  is  seated  between  the  orbital  cavities 
skull,  which  serve  for  the  lodgment  and  protection  of  the  eye 
therefore  lies  behind  the  apparent  limits  of  that  feature  which  ii 
nary  language  is  called  the  nose.  From  the  side  walls  of  the 
and  back  part  of  these  arched  chambers,  certain  delicate  pli 
bone  project,  and  these,  as  well  as  a  considerable  port  of  the  pa 
between  the  two  chambers,  are  covered  by  a  fine,  soft,  moist  moni 
It  is  to  this  Schneidcrian,  or  olfactory,  membrane  that  odorous 
must  obtain  direct  accosa  if  they  are  to  give  rise  to  their  appK 
sensations ;  and  it  is  upon  the  relatively  large  surface  whi( 
olfactory  membrane  offers  that  we  must  seek  for  the  seat  of  the 
of  the  olfactory  sense.  The  only  essential  part  of  that  organ  oi 
of  a  multitude  of  minute  rod-like  bodies,  set  perpendicularly 
surface  of  the  membrane,  and  forming  a  part  of  the  cellular  o 
epithelium,  which  covers  the  olfactory  membrane,  as  the  epi 
covers  the  skin.  In  the  case  of  the  olfactory  sense,  there  car 
doubt  that  the  Democritic  hypotheBis,  at  any  rate  for  snch  o 
substances  as  musk,  has  a  good  foundation.  Infinitesimal  pt 
of  musk  fly  off  from  the  surface  of  the  odorous  body,  and  be< 
diffused  through  the  air,  are  carried  into  the  nasal  passages,  and 
into  the  olfactory  chambers,  where  they  come  into  contact  \r. 
filamentous  extremities  of  the  delicate  olfactory  epithelium. 

But  this  is  not  all.  The  "  mind  "  is  not,  so  to  speak,  up 
other  side  of  tho  epithelium.  On  the  contrary,  the  inner  ends 
olfactory  cells  are  connected  with  nerve  fibres,  and  these  nerve 
passing  into  tho  cavity  of  the  skull,  at  length  end  in  a  part 
brain,  the  olfactory  scnsorinm.  It  is  certain  that  the  iuteg) 
each,  and  the  physical  jntor-oounection  of  all  these  three  stro 
the  epithelium  of  the  sensory  organ,  the  nerve  fibres  and  the 
rium,  are  essential  conditions  of  ordinary  sensation.  That  is  1 
the  air  in  tho  olfactory  chambers  may  bo  charged  with  jiarti 
musk  ;  but,  if  either  tho  epithelium,  or  the  nervo  fibres,  or  the 
rium  are  injured,  or  physically  disconnected  from  one  another, 
tion  will  not  arise.  Moreover,  the  epithelium  may  be  said 
receptive,  tho  nerve  fibres  transmissive,  and  the  sensorium  s 
cient  For,  in  the  act  of  smelling,  the  particles  of  the  odoroi 
stance  produce  a  molecular  change  (which  Hartley  was  in  all 
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.litlity  right  in  terming  a  vibration)  in  tho  epithelium,  and  this  change 
I  being   trausmittod    to  the   nervo   fibres,    posses   along   them  with  a 
'  neMarable  Telocity,  and,  finally  reaching  the  sensoriuni,  is  imme- 
diately followed  by  tho  senaation. 

•  ••••••• 

None  the  loss,  however,  does  it  remain  trne  that  no  similarity 
uiala,  nor  indeed  Ls  conceivable,  between  the  cause  of  the  sensation 
•ad  the  sensation.  Attend  as  closely  to  the  sensations  of  muskinoss 
or  any  other  odour,  as  we  will,  no  trace  of  extension,  resistance,  or 
motion  is  discernible  in  them.  They  have  no  attribute  in  common 
with  those  which  we  ascribe  to  matter ;  they  are,  in  tho  strictest  sense 
of  the  words,  immaterial  entities. 

Thus,  the  most  elementary  stndy  of  sensation  justifies  Descartes' 
position,  that  we  know  more  of  mind  than  we  do  of  body ;  that  the 
immaterial  world  is  a  firmer  reality  than  the  material.  For  the  sen- 
wttiaa  "  moskiness  "  is  known  immediately.  So  long  as  it  persists,  it 
is  ■  part  of  what  we  call  our  thinking  selves,  and  its  existence  lies 
beyond  the  possibility  of  doubt.  The  knowledge  of  an  objective  or 
material  cause  of  the  sensation,  on  the  other  hand,  is  mediate ;  it  is  a 
beli«f  as  oontradistinguished  from  an  intuition,  and  it  is  a  belief 
which,  in  any  given  instance  of  sensation,  may,  by  possibility,  be 
devoid  of  foundation.  For  odours,  like  other  sensations,  may  arise 
froin  tlw  occurrence  of  the  appropriate  molecular  changes  in  the 
aorra  or  in  the  sensorinm,  by  the  0{)eratiou  of  a  cause  distinct  from 
tbe  aflbctiun  of  the  sense  organ  by  an  odorons  body.  Such  "  subjec- 
tavs**  wnsations  are  as  real  existences  as  any  others  and  as  distinctly 
■qggMt  an  external  odorous  object  as  their  cause ;  but  the  belief  thus 
'  gptented  is  a  delusion.  And,  if  beliefs  are  properly  termed  "  teeti- 
ct  oonscioosness,"  then  undoubtedly  the  testimony  of  con- 
I  may  be,  and  often  is,  untrustworthy. 
Anolfaer  very  important  consideration  arises  out  of  the  facts  as 
tlkey  are  now  known.  That  which,  in  the  absence  of  a  knowledge  of 
tLe  phrriology  of  sensation,  we'  call  the  cause  of  the  smell,  and  term 
tW  uduroua  object,  is  only  such,  mediately,  by  reason  of  its  emitting 
which  give  rise  to  a  mode  of  motion  in  tho  sense  organ, 
organ,  again,  is  only  a  mediate  cause  by  reason  of  its  pro- 
;  •  Boleralar  change  in  the  nerve  fibre ;  whQe  this  lost  change 
I  only  a  mediate  canao  of  sensation,  depending,  as  it  does,  upon 
Ih*  daage  which  it  excites  in  the  sensorinm. 

Tb*  Moae  organ,  the  nerve,  and  the  sensorinm,  token  together, 
teaa^mko  the  aonstferons  app«ratuB.  They  make  up  the  thickness 
d  the  wmll  between  the  mind,  as  represented  by  the  sensation  "  mnski- 
BCM,'  and  the  object,  as  representoa  by  tho  particle  of  musk  in  contact 
with  the  olfactory  epithelium. 

It  wtU  be  observed  that  the  sensiferous  wall  and  the  external 
sra  of  tho  same  nature ;  whatever  it  is  that  constitutes  them 
u  expreanble  in  tenna  of  matter  and  motion.    Whatever  changes 
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take  placo  in  tlio  ecnsifcrotiB  apparatus  nro  continuotiB   wit! 
similar  to,  those  which  take  placo  in  tho  external  world.*     Bi 
the  sonsorinm,  matter  and  motion  come  to  an  end ;  while  pher 
of  another  order,  or  immaterial  states  of  cousciousneBS,  inakt 
appearance.     How  is  the  relation  between  tho  material  and  the 
tcrial  phenomena  to  be  conceived  ?     This  is  the  metaphysical  pi 
of  problems,  and  the  solutions  which  have  been  suggested  han 
made  tho  comer-stones  of  systems  of  philosophy, 

•  •••••• 

SenBations  of  taste,  however,  are  generated  in  almost  as  si: 
fashion  as  those  of  smell.  In  this  case,  the  sense  organ  is  the 
lium  which  covers  tho  tongue  and  tho  palate ;  and  which  Bom 
becoming  mndifiod,  gives  rise  to  peculiar  organs  termed  "  ga 
bulbs,"  in  which  tlie  epithelial  ccUe  elongate  and  assume  a  soi 
rod-like  form.  Nerve  fibres  connect  the  Bonsory  organ  w; 
sensnrium,  and  taetos  or  flavours  are  states  of  conBoionsness  cai 
the  change  of  molecular  state  of  tho  latter.  In  tho  case  of  th 
of  touch  there  is  often  no  eenso  organ  distinct  from  the  general 
mis.  But  many  fishes  and  amphibia  exhibit  local  modiJicationi 
epidermic  cells  which  are  sometimes  extraordinarily  like  the  gn 
bulbs ;  more  commonly,  both  in  lower  and  higher  animals,  tfa 
of  tho  contact  of  external  bodies  is  intensified  by  tho  dovolopi 
hoir-liko  filaments,  or  of  true  hairs,  the  basoB  of  which  are  in 
diate  relation  with  the  onds  of  tho  sensory  ncrveB.    Everyoi 


*  The  following  diagrammatio  scheme  mo;  help  to  elncidate  the  i 
eensation  :— 

Mediiite  Koowlcdgo 

^ -^ ^      Immei 

Sensifproua  Apparatiia  Know 


Objects  of  Sense  I      Receptive      Tmnamissive    Scnsiflcatory 
(Sense  Organ)       (Nerve)        (Senaorium) 


Hypothetical 


Uypotnetical 
BuDstanoe  of 


Seneati 
other  8 
OoDBcic 

BjpcA\ 

Snbsta 


Hatter 

Mi 

Physical  WorlJ 

Mental 

Not  Self 

Self 

Non-Ego  or  Object 


Ego  or  t 


Immediate  knowledge  ia  confined  to  states  of  conscionsnesB,  or.  in  other  \ 
tlie  phenomena  of  wind.  Knowledge  of  the  physical  world,  or  of  one's  o 
and  of  objects  eitornal  to  it,  is  a  syatem  of  beliefs  or  jadgtneuts  base* 
eentmtionx.  Tho  term  "self"  is  iipplied  not  only  to  the  serien  of  men 
noineiin  which  constitute  the  ego,  but  to  the  fragment  of  tho  physio 
whioli  is  their  constant  coneomitant.  The  cnrporeaT  self,  therefore,  is  p* 
uon-ego ;  and  is  objective  in  relation  to  the  ego  as  subject. 


^  I 


um.] 


on  Sensatimi. 
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bkTa  Dotioed  the  extreme  delicacy  of  the  BensationB  produced  by  tho 
ooaiBel  of  bodies  with  tho  ends  of  tho  haira  of  the  head ;  and  tho 
*wkiikEn"  at  cats  owe  their  functional  importance  to  the  abundant 
^mlj  of  nerres  to  the  follicles  in  which  their  bases  arc  lodged. 
Wkst  put,  if  any.  the  so-callMi  "  tactile  corpuBcles,"  "  end  bulbs," 
•ad  **  Pacinian  bodies  "  play  in  the  mechanism  of  touch  is  unknown. 
If  tbey  are  sense  organs,  they  are  exceptional  in  character,  in  so  tax 
M  thej  do  not  appear  to  be  modi6cations  of  tho  epidermis.  Nothing 
■  known  respecting  tho  sense  organs  of  those  sensations  of  resistance 
vhtak  are  grouped  under  tho  h^id  of  the  muscular  sense  ;  nor  of  the 
■HBiaoOB  of  warmth  and  cold ;  nor  of  that  very  singular  sensation 
whidi  we  call  tickling. 

In  the  case  of  heat  and  cold,  tho  organism  not  only  becomes  affected 
fay  «xtemal  bodies,  far  more  remote  than  those  which  affect  the  sense 
«f  ■aell ;  bat  the  Democritic  hypothesis  is  obviously  no  longer  pcr- 
■iaible.  When  tho  direct  rays  of  the  sun  fall  ujiou  the  skin,  tho 
MBMtion  of  heat  is  certainly  not  caused  by  "  attenuated  films  "  thrown 
ct  from  that  luminary,  but  to  a  mode  of  motion  which  is  transmitted 
to  ■•.  In  AristotelitJi  phrase,  it  is  the  form  without  the  matter  of  the 
wbidi  atampa  the  sense  organ ;  and  this,  translated  into  modem 
_  I  nearly  the  same  thing  as  Hartley's  Tibrations.     Thus 

I  prepared  for  what  happens  in  the  case  of  the  auditory  and  the 
naad  sunsrw  For  neither  the  ear  nor  the  eye  receives  anything  but 
Aa  XBpalaea  or  vibrations  originated  by  sonorous  or  luminous  bodies. 
ManuUteleaB,  the  receptive  apparatus  still  consists  of  nothing  but 
mmuUy  ntodified  epithelial  cells.  In  the  labyrinth  of  the  ear  of  the 
mtAat  ^w'tn»l«  the  free  ends  of  these  cells  terminate  in  cxcossivoly 
JaBMto  bair-like  filaments;  while,  in  tho  lower  forms  of  auditory 
its  free  soHaoe  is  beset  with  delicate  hairs  like  those  of  the 
I  of  the  body,  and  the  transmissive  nerves  are  connected  with 
Uw  bases  of  these  hairs.  Thus  there  is  an  insensible  gradation  in 
Um  fenns  at  the  receptive  apparatus,  from  the  organ  of  touch,  on  the 
one  hand,  to  those  of  taste  and  smell ;  and,  on  the  other  band,  to 
el  licaring.  Even  in  tho  case  of  the  most  refined  of  all  ttio 
B  miftaM,  uat  of  vision,  tho  receptive  apparatus  departs  but  little 
i  dw  general  type.  The  only  essential  constituent  of  the  vi.sual 
I  argta  is  the  retina,  which  forms  so  small  a  part  of  the  eyes  uf 
tits  hJgksr  animals ;  and  the  simplest  eyes  are  nothing  but  portions  of 
it,  in  which  the  cells  of  the  epidermis  have  become 
into  glassy  rod-like  retinal  corpuscles.  Tho  outer  ends  of 
)  an  tuned  towards  tho  light ;  their  sides  are  more  or  less  extou- 
■Mljr  ooaled  with  a  dark  pigment,  and  their  inner  enils  are  connected 
«Mk  &•  traaamianTe nerve  fibres.  The  lightimpingingon  these  visual 
atli  ymlueea  a  change  in  them  which  is  communicated  to  the  nerve 
~  *   being  transmitted  to  tho  scusorinm,  gives  rise  to  the  eensa- 

'  all  aoimala  which  poasoss  eyes  are  endowed  with  what 
[  sfl  sensation. 
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In  the  higher  animals,  a  complicated  apparatns  of  lenses  i 
on  the  principle  of  a  camera  obscura,  eeryes  at  once  to  coi 
and  to  individualizo  the  pencils  of  light  proceeding  from 
bodies.  But  the  essential  part  of  the  organ  of  vision  is  still  a 
cells  which  have  the  form  of  rods  with  truncated  or  cunic«l  ei 
what  seems  a  strange  anomaly,  however,  the  glossy  ends  of  1 
turned,  not  towards,  but  away  from,  the  light ;  and  the  latt 
traverse  the  layer  of  nervous  tissues  with  which  their  outer 
connected,  before  it  can  aflect  them.  Moreover,  the  rods  and 
the  vertebrate  retina  arc  so  deeply  seated,  and  in  many  ra 
peculiar  in  character,  that  it  appears  impossible,  at  first  sight, 
can  have  anything  to  do  with  that  epidermis  of  which  gusti 
tactile,  and  at  any  rate  the  lower  forms  uf  auditory  and  visna 
are  obvious  modifications. 

Whatever  be  the  apparent  diversities  among  the  sensiferon 
tnses,  however,  they  share  certain  common  characters.  Eacl 
of  a  receptive,  a  transmissivo,  and  a  scnaificatory  portion.  The 
part  of  the  first  is  an  epithelium,  of  the  second,  nerve  fibn 
third,  a  part  of  the  brain  ;  the  sensation  is  always  the  conset 
the  mode  of  motion  excited  in  the  receptive,  and  sent  along  1 
missive,  to  the  sonsorial  part  of  the  sensiferous  apparatus. 
all  the  senses,  there  is  no  likeness  whatever  between  the 
sense,  which  is  matter  in  motion,  and  the  sensation,  wh 
immaterial  phenomenon. 

On  the  hypothesis  which  appears  to  mo  to  be  the  most  C4 
Bensation  is  a  product  of  the  sensiferous  apparatus  caused  1 
modes  of  motion  which  are  set  up  in  it  by  impulses  fron; 
The  sonsifcrouB  apparatuses  are,  as  it  wore,  factories,  all  of 
the  one  end  receive  raw  materials  of  a  similar  kind — name 
of  motion — while,  at  the  other,  each  tarns  oat  a  special  pr< 
feeling  which  constitutes  the  kind  of  sensation  characteristi 

Or,  to  make  use  of  a  closer  comparison,  each  sonsiferona 
is  comparable  to  a  musical-box  wound  up ;  with  as  many 
there  are  separate  sensations.  The  object  of  a  simple  sensal 
agent  which  presses  down  the  stop  of  one  of  these  tunes,  and 
feeble  the  agent,  the  more  delicate  must  be  the  mobility  of  1 

But,  if  this  be  the  case,  if  the  recipient  part  of  the  a 
apparatus  is,  in  all  cases,  merely  a  mechanism  affected  by 
fiiner  kinds  of  material  motion,  wo  might  expect  to  find  tha 
organs  ore  fundamentally  aliko,  and  result  from  the  modi: 
the  same  morphological  elements.  And  this  is  exactly  \ 
result  from  all  recent  histological  and  embryological  investi 

It  has  been  seen  that  the  receptive  part  of  the  olfactory 
is  a  slightly  modified  epithelium,  which  lines  an  olfactorj 
deeply  seated  between  the  orbits  in  adult  human  beings. 
trace  back  the  nasal  chambers  to  their  origin  in  the  embrj 
that,  to  begin  with,  they  ore  mere  dopressionB  of  the  skin  c 
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I  of  tbe  head,  lined  by  a  oontinoation  of  the  genenLl  epidermis. 

depreanonB  become  pits,  and  the  pits,  by  the  growth  of  the 

iJMaot   paite,    gradnally  acquire   the  position   which  they  finally 

■py.     The  olfactory  organ,  therefore,  is  a  specially  modified  port 

',  t^  georeral  integument 

hmnan  ear  would  seem  to  present  greater  difficnlties.  For 
■tial  part  of  the  sense  organ,  in  this  case,  is  the  membranous 
fhbytiiitli,  a  bag  of  complicated  form,  which  lies  buried  in  the  depths 
tbe  floor  of  the  skull,  and  is  surrounded  by  dense  and  solid  bone. 
howeTcr,  rooourso  to  the  study  of  derelopmont  readily  unravels 
I  myatery.  Shortly  after  the  time  when  the  olfactory  organ  appears 
•  depreaaion  of  the  skin  on  the  side  of  the  fore  part  of  the  head, 
Lwditory  organ  appears  as  a  similar  depression  on  the  side  of  its 
:  part.  The  depression,  rapidly  deepening,  becomes  a  small  pouch, 
the  communication  with  the  exterior  becoming  shut  off,  the 
1  ia  eaoTerted  into  a  closed  bag,  the  epithelial  lining  of  wliich  is 
I  put  of  tbe  general  epidermis  segregated  from  the  rest.  The  adjacent 
,  obanging  first  into  cartilage  and  then  into  bone,  enclose  the 
i  in  a  strong  case,  in  which  it  undergoes  its  further  meta- 
while  the  drum,  the  ear  bones,  and  the  external  ear  are 
idod  fay  no  leas  extraordinary  modifications  of  the  adjacent 
Still  more  marrellons  is  the  history  of  the  development  of  the 
.  at  riaion.  In  the  place  of  the  eye,  as  in  that  of  the  noso  and 
I  of  tlie  ear,  the  young  embryo  presents  a  depression  of  the  general 
ililimiiiiriiil ;  but,  in  man  and  the  higher  animals,  this  does  not  give 
tiM  to  the  proper  sensory  organ,  but  only  to  part  of  the  accessory 
OODOaoed  in  rision.  In  fact,  this  depression,  deepening 
J  ooDTerted  into  a  shut  sac,  produces  only  tbo  cornea,  the 
;  humour,  and  the  erystalline  Ions  of  the  perfect  eye. 
TIm  tetina  is  added  to  this  by  the  outgrowth  of  tbo  wall  of  a 
I  of  the  brain  into  a  sort  of  bag  or  sac  with  a  narrow  nock,  the 
bottom  of  which  is  tamed  outwards  or  towards  the  crystalline 
As  tho  doTelopmont  of  the  eye  proceeds,  the  convex  bottom 
^«f  tlie  bag  becomes  poshed  in,  bo  that  it  gradnally  obliterates  tho 
^▼ity  of  the  sac,  the  previously  convex  wall  of  which  becomes  deeply 
eaaee«tt.  Tho  sac  of  the  brain  is  now  like  a  double  nightcap  ready 
lot  tke  bead,  but  the  jdaco  which  the  head  would  occupy  is  taken  by 
I  hnmoor,  while  the  layer  of  nightcap  next  it  becomes  tho 
Tbo  eells  of  this  layer  which  lie  furthest  from  tlie  vitreous 
other  words,  bound  the  original  cavity  of  tbe  sac,  are 
into  the  rods  and  cones.  Suppose  now  that  the  sac 
of  Ibe  bnia  ouold  be  brought  back  to  its  original  form  ;  then  the  rods 
■ad  eoaea  would  form  part  of  tho  lining  of  a  side  pouch  of  the  brain. 
B«l  OB*  of  tho  most  wonderful  revelations  of  embryology  is  tho  proof 
<f  tb«  (act  that  the  brain  itself  is,  at  its  first  beginning,  merely  on 
iiflbUiag  of  tbe  opidonuic  layer  of  tho  gouoral  integument.  Hence 
U  fallwi  ti»t  tbo  rods  and  oouoa  uf  tho  vertebrate  eye  are  modified 
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epidermio  cells,  as  much  as  the  crystallitie  cones  of  the  inseet  o 
taoean  eye  are ;  and  that  the  inTersion  of  the  position  of  the 
in  relation  to  light  arises  simply  from  the  roundabout  way  in 
the  Tertebrate  retina  is  developed. 

Thus  all  the  higher  sense  organs  start  from  one  foundati< 
the  receptiTe  epithelioDi  of  the  eye,  or  of  the  oar,  is  as  much  n 
epidermis  aa  is  that  of  the  nose.  The  structural  unity  of  th 
organs  is  the  morphological  parallel  to  their  identity  of  physic 
function,  which,  as  wo  have  seen,  is  to  be  impressed  by  certain 
of  motion ;  and  they  are  fine  or  coarse  in  proportion  to  the  deli 
the  strength  of  the  impulses  by  which  they  are  to  be  affected. 

In  ultimate  analysis,  then,  it  appears  that  a  sensation 
equivalent  in  terms  of  consciousness  for  a  mode  of  motion 
matter  of  the  sensorium.  But,  if  inquiry  is  pushed  a  stage  : 
and  the  qnestion  is  asked.  What  then  do  we  know  about  matf 
motion  f  there  is  but  one  reply  possible.  All  that  wo  knoT 
motion  is  that  it  is  a  name  for  certain  changes  in  the  relationi 
visual,  tactile,  and  moscnlar  sensations ;  and  aU  that  we  knoi 
matter  is  that  it  is  the  hypothetical  substance  of  physia 
nomona — the  assumption  of  the  existence  of  which  is  as  pore 
of  metaphysical  speculation  as  that  of  the  substance  of  mind. 

Our  sensations,  our  pleasures,  our  pains,  and  the  relations  i 
make  up  the  sum  total  of  the  elements  of  positive,  unquoaJ 
knowledge.  We  call  a  large  section  of  these  sensations  an 
relations  matter  and  motion ;  the  rest  we  term  mind  and  th 
and  experience  shows  that  there  is  a  certain  constant  order 
cession  betwoon  some  of  the  former  and  some  of  the  latter. 
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WnxiAH  Spottiswoodi,  Esq.  MA.  D.O.L.  Pr«8.E.S.  Vico-Preaident, 

in  the  Chair. 

Edwabd  BuBinrrr  Ttmb,  Esq.  P.R.8. 

The  Hittory  of  Game*.* 

I  enmining  eomo  gronpe  of  the  higher  orders  of  games,  with 
view  of  tracing  their  conrse  in  the  world,  it  wUl  bo  well  to  tost 
I  ttw  «xamplea  the  principles  on  which  we  may  reason  as  to  their 
I  and  migrations.  An  intelligent  traveller  among  the  Ealmuks, 
thai  they  play  a  kind  of  chess  resembling  ours,  would  not 
«  MOtnemt  entertain  the  idoa  of  such  sin  invention  having  been 
ore  than  once,  bat  would  feel  satisfied  that  we  and  they  and 
hplayers  mnst  have  bad  the  game  from  one  original  source. 
OtiM  example  lies  the  gist  of  the  ethnological  argument  from  arti- 
F'Aaal  games,  that  when  any  snch  appears  in  two  districts  it  mnst 
kaTS  travelled  from  one  to  the  other,  or  to  both  from  a  common 
oeBtra.  Of  ooorso  this  argoment  does  not  apply  to  all  games.  Some 
■•  so  aiinple  and  natural  that,  for  all  we  can  tell,  they  may  often 
have  ipnBig  Dp  of  themselves,  such  as  tossing  a  ball  or  wrestling ; 
whUb  ekfldren  everywhere  imitate  in  play  the  serious  work  of  grown- 
Wf  Ufa,  from  spearing  an  enemy  down  to  moulding  an  earthen  pot. 
'tmb  diitmctly  artificial  sports  we  are  conoemcd  with  here  are  marked 
kj  HMBe  peooUar  trick  or  combination  not  so  likely  to  have  been  hit 
twiee.  Not  only  complex  games  like  chess  and  tennis,  but  even 
ftliildiah  sports,  seem  weU-definod  formations,  of  which  the 
nay  be  traced  on  the  map  much  as  the  botanist  traces  his 
frooi  their  geographical  centres.  It  may  give  us  confidence 
litis  way  of  looking  at  the  snbject  if  we  put  the  opposite  view  to 
task  el  history  and  geography  to  see  where  it  fails.  Travellers, 
_  the  likeness  of  luiildrcn's  games  in  Europe  and  Asia,  have 
iass  eiplftiiied  it  on  this  wise :  that  the  human  miud  being  alike 
vksrs,  tba  same  games  are  naturally  found  in  different  lands, 
taking  to  hookey,  tops,  stilts,  kites,  and  so  on,  each  at  its 
■UQD.  But  if  so,  why  is  it  that  in  outlying  barbarous 
mw  hardly  finds  a  game  without  finding  aim  uat  there  is 
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a  civilized  nation  within  reach  from  whom  it  may  have  been 
And  what  is  more,  how  is  it  thut  European  children  knew  i 
till  a  few  oenturios  ago  of  somo  of  their  now  most  popular  i 
For  inRtauce,  they  had  no  hattledoro-and-shuttlccock  and  nex 
kites  till  these  games  came  across  from  Asia,  when  tbey  took 
once  and  became  nataralized  over  Eurojw.     The  origin  of  kit 
seems  to  lie  somewhere  in  South-east  Asia,  where  it  is  n  spi 
of  grown-up  men,  who  fight  their  kites  by  making  them  i 
another's  strings,  and  fly  birds  and  monsters  of  the  most  f 
shapes  and  colours,  especially  in  China,  where  old  gentlemen 
seen  tiiking  their  evening  stroll,  kite-string  in  hand,  as  thouj 
were   leading   pet  dogs.     The  English  boy's  kite  appears 
instance,  not  of  siientaneous  plny-instinct,  but  of  the  migratic 
artificial  game  from  a  distant  contrc.     Nor  is  this  all  it  pi 
the  history  of  civilization.     Within  a  century,  Europeans  \» 
acquainted  with  the  South  Sea  Islanders  found  tliem  down 
Zealand  adepts  at  flying  kites,  which  they  made  of  leaves 
cloth,  and  called  manu,  or  "  bird,"  flying  them  in  Bolenm  fo 
accompaniment  of  traditional  chants.     It  looks  as  though 
reached  Polynesia  through  the  Malay  region,  thns  bolonginf 
drift  of  Asiatic  culture  which  is  evident  in  many  other  points 
Sea  Island  life.     The  geography  of  another  of  oiir  childis 
eions  may  be  noticed  as  matching  with  this.     Mr.  Wallaoi 
that  being  one  wet  day  in  a  Dayak  house  in  Borneo,  ho  th 
amuse  the  lads  by  taking  a  piece  of  string  to  show  them  ca( 
but  to  his  surprise  ho  found  that  they  knew  more  about  it 
did,   going   off  into   fignrcs  that  quito  puzzled  him.     Othi 
nesians  are  skillod  in  this  nursery  art,  especially  the  Maoris 
Zealand,  who  call  it  maui  from  the  name  of  their  national 
whom,  according   to  their  tradition,  it  was  invented  ;    its 
patterns  represent  canoes,  houses,  people,  and  even  episodes  i 
life,  such  as  his  fishing  up  New  Zealand  from  tho  bottom  of 
In  fact,  they  have  their  pictorial  history  in  cat's-cradle,  ai 
over  their  traditions  may  bo  worth,  they  stand  good  to  show 
game  was  of  the  time  of  their  forefathers,  not  lately  picked 
the  Europeans.     In  the  Sandwich  Islands  and  New  Zealand 
record  that  the  natives  were  found  playing  a  kind  of  draugh 
was  not  tho  European  game,  and  which  can  hardly  bo  acco 
but  as  another  result  of  the  drift  of  Asiatic  civilization  dowi 
Pacific. 

Onco  started,  a  game  may  last  on  almost  indefinitely.  A; 
children's  sports  of  the  present  day  are  some  which  may 
back  toward  the  limits  of  historical  antiquity,  and,  for  all  ■ 
may  have  been  old  then.  Among  the  pictures  of  ancient 
games  in  tho  tombs  of  Beni  Hassan,  one  shows  a  player  with 
down  so  that  ho  cannot  see  what  tho  others  are  doing  n 
clenched  fists  above  his  back.  Here  is  obviously  the  gamo 
English  hol-cockl-es,  in  French  main-chaude,  and  better  deft 
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medieval  name  of  qui  ferj/ 1  or  "  who  strnck  ?  " — the  blindman 
aTing  to  goesB  by  whom  he  was  hit,  or  with  which  hand.     It  was 
Qineek  koUabitmot,  or  bnffot-game,  and  carries  with  it  a  tragical 
tion  in  those  passages  in  the  Gospels  which  show  it  turned 
by  the  Boman  soldiers :  "  And  when  they  had  blindfolded 
they   bnflTeted   him   .  .  .  Ba3ring,   Prophesy  unto   us,  thou 
who  is  he  that  smote  thee  ?  "  (Luke  rxii.  64 ;  Matt.  xxvL  67 ; 
DT.  65.) 
Another  of  the  Egyptian  pictures  plainly  represents  the  game  we 
by  its  Italian  name  of  moira,  the  Latin  micatio,  or  flashing  of 
fingers,  which  has  thus  lasted  on  in  the  Mediterranean  districts 
■Mr  three  thousand  years,  handed  down  through  a  hundred  succcssiye 
guBMations  who  did  not  improve  it,  for  from  the  first  it  was  perfect 
m  its  fitting  into  one  little  niche  in  human  nature.     It  is  the  game  of 
^wiiil^  addition,  the  players  both  at  once  throwing  out  fingers  and 
ta  the  same  moment  shouting  their  guesses  at  the  total.   Morra  is  the 
■HliBe  of  the  drinking-shop  in  China  as  in  Italy,  and  may,  perhaps, 
M  ndMOcd   among  the   items  of  culture   which  the   Ghineso  have 
;^koROWed  from  the  Western  barbarians.      Though  so  ancient,  morra 
in  it  no  touch  of  prehistoric  rudeness,  but  must  owe  its  origin  to 
'  when  arithmetic  had  risen  quite  above  the  savage  levoL    The 
I  is  true  of  the  other  old  arithmetical  game,  odd-and-even,  which 
poet  ooaples  with  riding  on  a  stick  as  the  most  childish  of  diver- 
, "  Lndere  par  impar,  equitare  in  arundine  longa."   But  the  child 
(flaying  it  must  be  of  a  civUized  nation,  not  of  a  low  barbaric  tribe, 
Itrfaare  bo  one  would  think  of  classing  numbers  into  the  odd-and-even 
,  so  that  Europeans  have  even  had  to  furnish  their  languages 
I  words  for  these  ideas.     I  asked  myself  the  question  whether  the 
Aryans  distinguished  odd  &om  even,  and  curiously  enough 
,  that  an  answer  had  been  preserved  by  the  unbroken  tradition 
I  of  Greek  arithmeticians,  but  of  boys  at  play.     A  scholiast  on  the 
of  Atistoidianes,  where  tlie  game  is  mentioned,  happens  to 
that  it  was  also  known  as  ^lya  t)  a^vytr,  "  yokes  or  not-yokes." 
r  1^  matches  so  closely  in  form  and  sense  with  the  Sanskrit  terms 
1  and  odd  numbers,  i/uj  and  ayuj,  as  to  be  fair  evidence  that 
I  Hiados  and  Greeks  inherited  arithinetical  ideas  and  words  familiar 
itlMir  Azyaa  anooetors. 
Follovisg  np  the  clues  that  join  the  play-life  of  the  ancient  and 
worlda,  lot  us  now  look  at  the  ball-play,  which  has  always 
I  ila  plaoe  among  sports.     Beyond  mere  tossing  and  catching,  the 
imiad  of  faaU-play  is  where  a  ring  of  players  send  the  ball 
to  hand.     This  gentle  pastime  has  its  well-marked  plaoe 
Tbna  the  ancient  Greeks,  whose  secret  of  life  was  to  do 
iri^tai  things  with  artistic  perfection,  delighted  in  the  game  of 
Hawikaa,  and  on  their  rases  is  painted  many  a  scene  where  ball- 
slay,  daooe,  and  song  unite  in  one  graceful  sport.     The  ball-dance 
M  BOW  aoaroely  to  be  found  but  as  an  out-of-the-way  relic  of  old 
jet  it  has  left  curious  traoea  in  European  languages,  where 
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the  ball  (Low  Latin  holla)  bos  given  its  narao  to  tbo  ilnnco  it  wi 
(Italian  ballare,  haUn,  French  bal,  English  hall),  and  oven  to  I 
that  accompanied  the  danco  (Italian  ballala,  French  bn^We, 
ballad).  The  passion  of  holl-play  begins  not  with  this  friondl; 
fal  delivery  of  the  ball  into  the  next  hand,  but  when  two 
players  or  piirties  arc  striving  each  to  take  or  send  it  away  1 
other.  Thus,  on  the  one  hand,  there  comes  into  existence  th 
of  games  represented  by  the  Greek  harpnslcm,  or  8eizing-gam< 
the  two  sides  struggled  to  carry  off  tho  ball.  In  Brittany  I 
been  played  till  moduru  times  with  tho  hay-Btnffod  nmle  or  i 
as  big  as  a  footbaU,  fonght  for  by  two  conitnunes,  each  str 
carry  it  homo  over  their  own  Iwrder.  Emile  Sonvestre, 
'  Domiers  Bretons,'  has  told  the  lust  story  of  this  fierce  gam 
Ponthivy  district— how  the  man  who  had  had  his  father  kit 
his  own  eye  knocked  out  by  Francois,  siirnamed  le  Souleur 
wait  for  that  redonbted  champion,  and  got  him  down,  soolo 
half-way  across  tho  boundary  stream.  The  murderons  so 
had  to  be  put  down  by  authority,  as  it  had  been  years  b 
Scotland,  where  it  bad  givon  rise  to  tho  suggestivo  proverb, 
fair  at  the  ball  of  Scone."  The  other  class  of  hostile  ba! 
differs  from  this  in  the  ball  having  not  to  bo  brought  to  01 
home,  bnt  sent  to  tho  goal  of  tho  other  side.  In  tho  Greek  e 
or  commoa-ball,  the  ball  was  put  on  tho  middle  lino,  and  eai 
tried  to  seize  it  and  throw  it  over  the  adversary's  goal-line 
game  also  lasted  on  into  loodoru  Kuro|>e,  and  our  proper 
name  for  it  is  htirlimj,  while  foolbnll  also  is  a  variety  of  it,  tl 
Roiuftu  blo^vn  leather  ball  (follig)  being  used  instead  of  tl 
hand-ball,  and  kickod  instead  of  thrown.  Now  as  hurling 
ordinary  classical  game,  the  aucionts  nocd  only  have  taken  a 
drive  the  ball  instead  of  using  hands  or  feet,  and  would  th 
arrived  at  hockeij.  But  Corydon  never  seems  to  have  the 
borrowing  Phillis's  crook  for  the  purpose  it  would  have  so 
suited.  No  mention  of  games  like  hockey  appears  in  the 
world,  and  tbo  course  of  invention  which  brought  them  into  the 
world  is  at  once  unexpected  and  instructive. 

The  game  known   to   us  as  polo  baa   been   traced   by 
Ouseloy,  in  Persia,  far  bock  in  the  Sassanian  dynasty,  and  wn 
rate  in  vogue  there  before  tbo  eighth  century.     It  was  plaj 
tho  long-handled  mallet  called  cJiitgaa,  which  Persian  word 
signify  also  the  game  played  with  it.    This  is  tho  intstrumont 
to  in  tho  '  Thousand  and   One  Nights,'  and  among  varioui 
passages  where  it  occtirs  is  the  legend  told  by  the  Persian  1 
of  Darius  insulting  Alexander  by  sending  him  a  ball  an< 
(ffui  ve  chugdn)  an  a  hint  that  ho  was  a  boy  more  fit  to  play  p 
to  go  to  war.     When   this   talo  fimls  its  way  to    Scotland, 
romance  of  King  Alisaunde,  these  unknown  instruments  arc 
by    a  ^whipping-top,  and    Shaksporo    has    the    story  in  tho 
guise  of  a  newor  period  in  tho  bcouo  in  Honry  V. :  "  What  1 
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ancle  ?  " — "  Tennis-balls,  my  liege."  By  tlio  ninth  contory  the  game 
of  dtmgam  had  established  itself  iu  the  £a8tem  Empire,  whore  its 
nane  ^>pe«n  in  the  barbarous  Greek  form  T^vKovtifcu'.  In  the  Byzon- 
tiiie  deaeripiions,  however,  we  find  not  the  original  mallet,  but  a  long 
■laff  ending  in  a  broa<l  bunJ,  filled  in  with  a  network  of  gut-stringa. 
Thus  there  appear  in  the  East,  as  belonging  to  the  great  sport  of 
ball-play  on  horseback,  the  first  shapes  of  two  implements  which 
IW iwliilli  k1  the  whole  play-life  of  medieval  and  modern  Europe,  the 
irlmgitn  being  the  ancestor  of  the  mallets  nsed  in  pall-moll  and 
craqnet,  and  of  an  endless  variety  of  other  playing  clubs  and  bats, 
vlnle  the  bent  staff  with  its  network  was  the  primitive  racket.  The 
fine  old  Persian  drawing  of  a  mntch  at  chiigan,  which  is  eojiied  by 
OoBeley  in  bis  '  Travels  in  the  East,'  justifies  his  opinion  that  the 
bonebii^  game  is  the  original.  Wc  should  not  talk  of  polo  as  being 
"  bodBBj  on  horseback,"  but  rather  regard  hockey  as  dismounted  polo, 
and  cImb  with  it  pall-maU,  golf,  and  many  another  bat-and-ball  games. 
f^^H.  vhen  one  comes  to  think  of  it,  one  sees  that  no  stick  being 
■eoeaaary  for  the  old  foot  game  of  hurling,  none  was  used,  bat  as  soon 
I  the  Persian  horsemen  wanted  to  play  ball  on  horseback,  a  proper 
\  iaatmmrent  had  to  bo  invented.  This  came  to  be  used  in  the  foot 
le  alao,  so  that  the  Orientals  are  familiar  both  with  the  mounted 
dimioonted  kinds.  The  horseback  gaiuo  seems  hardly  to  have 
i  bold  in  Europe  till  our  own  duy,  wheu  the  English  brought  it 
from  Manniepoor,  and  it  has  now  under  the  name  of  jpolo  bc- 
•  world-wide  sport  again.  But  the  fiMjt-gamo  made  its  way 
^Mriy  into  Europe,  as  appears  from  a  curious  passage  in  Joiuvilio's 
'Life  of  St.  Louis,'  written  at  the  end  of  the  thirteenth  century, 
HaTing  seen  the  game  on  his  crusade,  and  read  about  it  in  the  Byzan- 
r  kiitenaoa,  he  argues  that  the  Greeks  must  have  borrowed  their 
iwi'rffriiiw  from  the  French,  for  it  is,  he  s&js,  a  game  played  in 
Ijaagaedoc  by  driving  a  boiwood  ball  with  a  lung  mallet,  and  called 
t  tiMn  <iiiecM€.  The  modc-xn  reader  has  to  turn  this  neat  and  patriotic 
_  it  npside  down,  the  French  cAioan«  being  only  a  corruption  of 
Iho  P«mn  cAw^dn ;  so  that  what  Joinville  actually  proves  is,  that 
hidan  his  time  the  Eastern  game  had  travelled  into  France,  bringing 
with  it  its  Eastern  name.  Already,  in  his  day,  from  the  ball-game 
viih  its  ahifts  and  dodges,  the  term  chicane  had  come  to  be  applied  by 
,  aalnfhor  to  the  ahuffles  of  lawyers  to  embarrass  the  other  side,  and 
lo  intrigue  and  trickery  in  general.  English  has  borrowed 
I  ia  the  aenae  of  trickery,  without  knowing  it  as  the  name  of  a 
Ibtqihan  taken  from  sports  may  thus  outlast  their  first 
vhen  again  people  say,  "  Don't  haiuhj  words  with  mo,"  witb- 
that  they  are  using  another  metaphor  taken  from  the  game 
[  tt  hwiliij .  which  was  called  handy  from  the  carved  stick  or  club  it  was 
'yrivith. 

Ia   Fnao0,  the  name  of  cro$»e,  meaning  a  crutch,  or  bishop's 
oaed  for  the  mallet,  and  thence  the  game  of  hockey  has 
Liki  anlinaiy  Fraooh  name,  jttt  iala  erotte.    In  Spanish  the  game  has 
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long  been  known  as  ehueca.     The  Spaniards  taught  it  to  the  nati 
South  America,  who  took  kimlly  to  it,  not  as  mere  boys'  play,  bi 
manly  sport.     It  is  curious  to  road,  accounts  by  motlern  Eui 
travellers,  who  soem  not  to  recf>giiizo  their  own  playgrouml 
when  transplanted  among  the  Arnucantuns  of  Chili,  even  tho 
shows  ite  Spanish  origin  by  the  name  of  i-hueca.    Seeing  this,  ot 
whence  did  the  North  American  ludiaos  got  their  famous  ball 
knomi  from  California  right  across  the  Indian  country  ?     It  is 
intents  the  European  chueca,  crosse,  or  hockey,  the  deerskin  ball 
throwti  up  in  the  middle,  ench  of  the  two  contending  parties  st 
to  throw  or  drive  it  through  the  adversaries'  goal.     "TLe  Iroqiio 
that  in  (dd  times  their  forefathers  played  with   curved   clul 
a  wooden  ball,  before  tho  racket  was  introduced,  with  which  to  , 
carry,  or  throw  the  leather  ball.     Of  all  the  describers  of  th 
gome,  Catlin  bos  best  depicted  its  scenes  witli  pen  and  pencil,  fir 
beginning  with  the  night  ball-play  danco,  whore  the  players  ci 
round  th(!ir  goals,  lield  up  aud  clashed  their  rackets,  and  tho  i 
danced  in  lines  between,  and  the  old  men  smoked  to  the  Great 
and  led  the  chant  for  his  favour  in  tho  contest.     The  painter 
never  miss  a  IxiU-play,  but   sit  from  morning  till  sundown  < 
pony  studying  the  forms  of  the  young  athletes   in   their  " 
Eupcrhumau "  struggles  for  tho   ball,  till  at  last  one  side  m» 
agreed  number  of  goals,  and  divided  with  yells  of  triumph  t 
robes  and  tin-kettles  and  miscellaneous  property  staked  on  the 
Now,  as  to  tho  introduction  of  the   game  into  North  Araerii 
Jesuit  missionaries  in  New  Franco  as  early  as  1G36  mention 
thoir  own  French  name  oijni  de  crosse,  at  which  Iniiian  villag« 
tended  "  li  qui  crossera  !e  mieus."     Tho  Spaniards,  however,  ha 
above  a  century  in  America,  and  might  have  brought  it  in,  whi- 
readier  explauiition  than  the  other  possible  alternative  that  it  m 
way  across  from  South-east  Asio. 

When  the  Middle  Ages  set  in,  the  European  mind  at  last  1 
awake  to  the  varied  pleasure  to  be  got  out  of  hitting  a  ball  vriti 
The  games  now  developed  need  not  be  here  spoken  of  at  lengl 
portioned  to  their  great  place  in  modern  life,  as  the  changoa 
gave  rise  to  them  are  so  comparatively  modem  and  well  known. 
Persian  apparatus  kept  close  to  its  original  form  in  tho  game  o 
mall^  that  is,  "  ball-mallet,"  into  which  game  was  introduced  tl 
or  ring  to  drive  the  ball  through,  whereby  enough  incident  wot 
to  knocking  it  about  to  make  the  sport  fit  for  a  few  players,  o 
a  single  pair.  An  account  of  pall-mall  and  its  modern  revi 
croquet  wiU  be  found  in  Dr.  Prior's  little  book.  Playing  the  bi 
holes  serves  much  the  same  purpose  as  sending  it  through  rinj 
thus  came  in  tho  particular  kind  of  bandy  called  golf,  from  thi 
used  to  drive  the  halL  The  stnol-baU,  so  popular  in  mcdinval 
makings,  was  played  with  a  stool,  which  one  protected  by  ff 
away  with  bis  hands  tho  boll  which  another  bowled  at  it ;  the  in- 
was  ont  if  the  stool  was  hit,  or  bo  might  bo  caught  out,  so  that 
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eridentlj  part  of  the  origin  of  cricket,  in  which  the  present  stumps 
•eem  to  represent  the  stooL  In  club-ball  a  ball  was  bowled  and  hit 
with  a  club ;  and  a  game  called  eat  and-doij  was  plnycd  in  Scotland 
two  oentnrics  ago,  where  players  protectod  not  wickets  but  holes  from 
the  wooden  cat  pitched  at  them,  getting  runs  when  they  hit  it.  We 
have  here  the  simple  elements  from  which  the  complex  modern  cricket 
warn  developed.  Lastly,  among  the  obscure  accounts  of  ancient  ball- 
play,  it  is  not  easy  to  make  out  that  the  ball  was  ever  sent  against  on 
opposito  wall  for  the  other  players  to  take  it  at  the  bound  and  return 
h.  Booh  a  game,  porticnLirly  suited  to  soldiers  shut  up  in  costle- 
y»ti»,  became  popular  about  the  fourteenth  century,  under  the  name  of 
fit*  palmnria,  orjeu  de  j/aulnte,  which  name  indicates  its  original  mode 
of  asking  with  the  palm  of  the  hand,  as  in  fives.  It  was  an  improve- 
ment to  protect  the  hand  with  a  glove,  as  such  may  still  be  seen  in  the 
ball-plaj  of  Basque  cities,  as  at  Bayonne.  Sometimes  a  battledore 
fikoed  with  parchment  was  nsed,  as  witness  the  story  of  the  man  who 
daelared  lie  had  played  with  a  battIe<lore  that  had  on  it  frngmouts  of 
IIm  lost  deeadea  of  Livy.  But  it  was  the  racket  that  made  passible 
IIm  "enttiiig"  and  "boasting"  of  the  metiiieval  tennis-court,  with  its 
elaborate  scoring  by  "  chases."  No  doubt  it  was  the  real  courtyard 
of  the  chateau,  with  its  penthouses,  galleries,  and  grated  windows, 
that  famished  the  tennis-court  with  the  models  for  its  quaintly  arti- 
ficial grilles  and  Innes  so  emditcly  discussed  in  Mr.  Julian  Mar- 
shall's '  Annals  of  Tennis.'  A  few  enthusiastic  amateurs  still  delight 
IB  the  noble  and  costly  game,  but  the  many  have  rea.son  to  bo  grateful 
for  lawn-tennis  out  of  doors,  though  it  bo  but  a  mild  version  of  the 
game,  to  which  it  stands  as  hockey  to  polo,  or  as  draughts  to 


Taroing  now  to  the  principal  groups  of  sedentary  games,  I  may 
(o  the  eTi<lence  1  have  brought  forward  elsewhere,*  that  the  use 
of  lota  or  dice  for  gambling  arose  out  of  an  earlier  serious  use  of  such 
ilis>iinii  iilii  for  magical  divination.  The  two  conceptions,  indeed, 
pass  iato  one  another.  The  magician  draws  lots  to  learn  the  future 
■ad  Iho  samblw  to  decide  the  future,  so  that  the  difference  between 
ikat  is  tost  between  "  wiU  "  and  "  shall."  But  the  two-faced  lot  that 
Mily  fall  head  or  tail  can  only  give  a  simple  yes  or  no,  which  is 
simple  for  cither  the  diviner  or  the  gambler.  So  we  find 
Ahietm  negroes  divining  with  a  number  of  cowries  thrown  together  to 
■eohow  nuHsy  fidi  np  and  how  many  down  ;  and  this,  too,  is  the  Chinese 
■sibod  of  solemn  loUossting  in  the  temple,  when  the  falling  of  the 
spooB^ika  wooden  lots,  so  many  up  and  so  many  down,  furnishes  an 
tesnlt  which  is  to  bo  interpreted  by  means  of  the  book  of 
lisaiams.  When  this  combination  of  a  number  of  two-foood 
sod  Inr  gamblers,  this,  perhaps,  represents  tlio  earlier  stage  of 
puBtag,  wliioli  may  have  led  np  to  the  invcntinn  of  dice,  in  which  the 
pwpoM  at  variety  is  so  mnch  more  neatly  and  easily  attained.     The 
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first  appearance  of  dice  lies  beyond  the  range  of  hiBtory,  for  th 
they  have  not  b«en  traced  in  the  early  periods  in  Egypt,  there 
the  Rig-Vwla  t!io  hymn  which  portrays  the  ancient  Aryan  gar 
stirred  to  frenzy  by  the  fall  of  the  fJice.  It  is  not  clear  even  n 
came  first  of  the  various  objbcla  that  have  served  as  dice. 

In  the  classic  world,  girle  used  the  astragali  or  hucklebonos  as 
things,  tossing  them  up  and  catching  tliem  on  the  back  of  the  b 
anil  to  this  day  wo  may  see  groii{)8  of  girls  in  England  at  this  an 
game,  reminding  ns  of  the  picture  by  Alexander  of  Athens,  ii 
Naples  Museum,  of  the  five  goddesses  at  play.     It  was  also  iic 
that  these  bones  fall  in  four  ways,  with  the  flat,  concave,  convf 
sinuous  side  up,  so   that  tlicy  form  natural  dice,  and  aa  such 
have  boon  from  ancient  times  gambled  with  accordingly.     In  " 
nature  provides  certain  five-sided  nuts  that  answer  the  purpo. 
dice.     Of  course,  when  the  sides  are  alike,  they  must  bo  mark 
numbered,  as  with  the  four-sidod  stick-dice  of  India,  and  that  v 
tends  to  supersede  all   others,  the  six-side*!    kuboi,  which   gav( 
Greek  geometers  the  name  for  the  cube.     Since  the  old  Aryan  p 
many  a   broken  gamester  has   cursed  the   hazard  of  the  die. 
moiicrus  ore  apt  to  look  down  with  mere  contempt  at  his  folly, 
wo  judge  the  ancient  gamester  too  harshly  if  we  forget  tha 
passion  is  mixed  w^ith  those  thoughts  of  luck  or  fortune  or  s 
human  intervention,  which  form  the  very  mental  atmosphere  o 
soothsayer  and  the  oracle-prophet.     With  devout  prayer  and  sat 
ho  would  propitiate  the  deity  who  should  give  him  winning  thi 
nor,  indeed,  in   our  own  day  have   such   hopes  and   such   aj 
ceased  among   the  unoducateil.      To  the  educated  it  is  the  m 
mattcal   theory   of  probabilities   that   has   shown   tho  folly   o 
gamester's  stoking  his  fortune  on  his  powers  of  divination.     I 
must  be  borne  in  mind  that  this  theory  itself  was,  so  to  speak,  si 
out  of  tho  dice-box.     When  tho  gambling  Chevalier  de  Mere  p\ 
question  to  Pascal  in  how  many  throws  ho  ought  to  got  double- 
and  Pascal  solving  the  problem,  started  tho   mathematical  oa] 
tion  of  chances,  this  laid  tho  foundation  of  tho  scientific  systi 
statistics  which  more  and  more  regulates  the  arrangements  of  so 
Thus  accurato  method  was  applied  to  the  insurance  table,  *> 
enables  a  man  to  hedge  against  his  ugliest  risks,  to  eliminai 
chances  of  fire  and  death  by  hotting  that  he  shall  have  a  now  rooj 
his  head  and  a  provision  for  his  widow.     Of  all  the  wonderful 
of  the  human  mind  in  tho  course  of  culture,  scarce  any  is  more  str 
than  this  history  of  lots  and  dice.     Who,  in  tho  Middle  Ages, 
have  guessed  what  would  be  it«  next  outcome — that  magic  sun! 
sport  should  rise  again  as  science,  and  man's  failure  to  divin 
future  should  lead  him  to  success  in  controlling  it  ? 

Already  in  the  ancient  world  there  appear  mentions  of  ( 
where  tho  throws  of  lots  or  dice,  perhaps  at  first  merely  scored 
counters  on  a  board,  give  tho  excitement  of  chance  to  a  gome  ^ 
is  partly  a  draught-game,  tho  player  being  allowed  to  judge 
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«hicb  pieces  he  will  move  his  allotted  nnmber.     In  Eugland  this 
I  groop  of  games  is  represented  by  backgavtnwn.     When  Greek  writers 
I  Biention  dice-pl»7ing,  they  no  doubt  often  mean  some  game  of  this 
flaint.  for  at  mere  hazard  the  Persian  queen-mother  could  not  have 
played  her  game  carefnlly,  as  Plutarch  says  she  did,  nor  would  there 
[  MT8  been  any  sense  in  his  remark  that  in  life,  as  in  dicing,  one  most 
I  Bot  only  get  good  throws,  but  know  how  to  use  them.     The  Roman 
of  the  twelve  lines  (duodedm  gcripta)  so  nearly  corresponded 
oar  trictrac  or  backgammon,  that  M.  Becq  do  Fouquierce,  in  liis 
'  *  Jeox  dea  Anoiens,'  works  out  on  tho  ordinary  backgammon  board  the 
{ooblem  of  the  Emperor  Zcno  that  has  vexed  the  soul  of  many  a 
critic     All  these  games,  however,  are  played  with  dice,  and  as  there 
exist  other  games  of  like  principle  where  lots  are  thrown  instead  of 
dioe,  it  may,  perhaps,  be  inferred  that  such  ruder  and  clumsier  lot- 
Wdgammon  was  the  earlier,  and  dice-backgammon  a  later  improve- 
ment upon  it     Of  course  things  may  have  happened  the  opposite 
way.     Lot-bockgammon  is  still  played  in  the  East  in  more  than  one 
fijnn.     The  Arabic-speaking  peoples  call  it  tab,  or  game,  and  play  it 
with  an  oblong  board  or  rows  of  holes  in  the  grotmd,  with  bits  of 
'  briek  and  stone  for  draughts  of  the  two  colours,  and  for  lots  four  palm- 
~ :  slips  with  a  black  and  white  side.     In  this  low  variety  of  lot- 
\  kadkgammon,  the  object  is  not  to  get  one's  own  men  homo,  but  to  take  all 
'  Ae  adTcnary's.     The  best  representative  of  this  group  of  games  is  the 
I  fiSadn  paekiti,  which  belongs  to  a  series  ancient   in   Icdia.     It  is 
.  played  on  a  cross-shaped  board  or  embroidered  cloth,  up  and  down 
tte  anna  of  which  the  pieces  move  and  take,  in  somewhat  the  manner 
I  «if  backgammon,  till  they  get  back  to  the  central  home.    The  men 
by  the  throws  of  a  number  of  cowries,  of  which   tho  better 
■  not  ooly  sooro  high,  but  entitle  tho  player  to  a  new  throw, 
I  vbaeh  ocmeeponda  to  oar  rule  of  doubles  giving  a  double  move  at 
a.    The  game  of  pachisi  has  great  vogue  in  Asia,  extcnd- 
I  lag  iota  the  tar  East,  where  it  is  played  with  flat  tamarind -seeds  as 
It  even  appears  to  have  found  its  way  still  farther  eastward  into 
^  Ancrioa,  forming  a  link  in  the  chain  of  evidence    of  an    Asiatic 
in  the  civilization  of  the  Aztecs.*     For  the  early  Spanish- 
writers  describe,  as  played  at  the  Court  of  Montezuma,  a 
I  called  patoUi,  played  after  the  manner  of  their  European  tables 
backoammoD,  bat  on  a  mat  with  a  diagram  like  a  -|-  or  Greek 
,  rail  of  sqoares  on  which  the  different  coloured  stones  or  pioocs 
I'  at  tba  playsn  were  moved  according  to  tho  throws  of  a  number  of 
aHdtad  baaaa.     Without  the  board  and  pieces,  tho  mere  throwing 
with   the  beans  or  lots,  to  bet  on   the  winning  throws, 
ifioaiabM  the  North  American  tribes  with  their  favourite  means  of 
'^""'C  ^  game  of  plomstones,  game  of  the  bowl,  &c. 
It  is  ■  euioiu  inqauy  what  led  people  to  the  by  no  means  obvious 
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idea  of  fiudiiig  eport  iu  placing  Btones  or  pieces  on  a  diagrai 
iiioving  them  by  rule.  Ouo  hiut  as  to  how  this  may  have  come 
is  found  in  tho  men  at  Itackgnmmoii  acting  as  though  they 
"  counters  "  counting  up  the  throws.  Tho  word  abax,  or  abac 
nsed  both  for  the  reckoning-board  with  its  counters  and  the 
board  with  its  pieces,  whence  a  plausible  guess  has  been  m»di 
phiyiiig  on  the  ruled  board  came  from  a  sportive  nse  of  the  s 
counting  instrument.  TIio  other  liiiit  is  that  board-games,  fro 
rudest  up  to  chess,  arc  so  geuerally  of  the  nature  of  kriegtpiel,  oi 
game,  t)ie  men  marching  on  tho  field  to  unite  their  forces  or  a 
their  enemies,  that  this  notion  of  mimic  war  may  have  been  thi 
key  to  tlioir  invention.  Still  these  guesses  are  far  from  suff 
and  tho  origin  of  bourd-gamos  is  still  among  tlie  anthropoli 
nnanswered  riddles.  Tho  simpler  board-games  of  skill,  th 
without  lots  or  dice,  and  played  by  saccessive  moves  or  draws  i 
pieces,  may  bo  classed  accordingly  as  games  of  drainjlils,  this 
including  a  numlKT  of  different  games,  ancient  and  modem. 

The  ancient  Egyptians  were  eager  drought-players ;  but  t 
wo  have  many  pictures,  and  even  the  actual  boards  and  men  usei 
not  clear  exactly  how  any  of  their  games  wore  played.  Ing 
ftnd  good  heavy  erudition  have  boon  misspent  by  scholars  in  try 
reconstruct  ancient  games  without  the  necessary  data,  and  I  sbn 
add  here  another  guess  as  to  the  rules  of  the  draughts  with 
Penelope's  suitors  delighted  their  souls  as  they  sat  at  the  palace 
on  tho  hides  of  the  oien  thoy  had  slauglitercd ;  nor  will  I  disct 
various  theories  as  to  what  the  "  sacred  lino  "  was  in  the  Qreek 
of  the  "  five  lines,"  inentione<l  by  Sophokles.  It  will  bo  more  ' 
purpose  to  point  out  that  games  worth  keeping  np  hardly  die  i 
that  among  existing  sports  are  probably  represented,  with  m- 
less  variation,  the  best  games  of  the  ancients.  On  looking  ii 
mentions  of  tho  famous  Greek  dranght-game  of  plinlhion,  or  j 
apjMsars  that  the  numerous  pieces,  or  "dogs,"  half  of  them  ■ 
colour  and  half  of  tho  other,  were  moved  on  the  squares  of  tlie 
the  gome  being  for  two  of  tho  same  colour  to  get  ono  of  the 
colour  between  them,  and  so  take  him.  The  attempt  to  reason  oi 
this  the  exact  rules  of  tho  classic  game  has  not  answered.  1 
looking,  instead  of  arguing,  I  find  that  a  game  just  fitting  the  d 
tion  stiU  actually  exists.  The  donkey-boys  of  Cairo  play  it 
dust  with  "  dogs,"  which  are  bits  of  stone  and  red  brick,  and  the 
have  scratched  its  m<ja,  or  diagram,  on  the  top  of  the  grcot  pj 
If  it  was  not  there  before,  it  would  have  come  with  Alexai 
Alexandria,  and  boa  seemingly  gone  on  unchanged  since.  T! 
an  account  of  it  in  Lane's  '  Modern  Egyptians,'  and  anyone  inb 
in  games  will  find  it  worth  trying  with  draughts  on  a  cardbooixl  -. 
One  kind  of  tho  Roman  game  of  lalnnicuU  was  closely  related  1 
as  appears  from  such  passages  as  Ovid's  "  cum  medius  gemino  a 
Losto  perit,"  referring  to  the  stone  being  taken  between  two  ei 
The  poet  mentions,  a  few  lines  farther  on,  tho  little  tabic  w 
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three  atooM,  where  the  g»nio  is  "  continnassc  snos,"  to  get  your  men 
in  »  line,  which  is,  of  oonrae,  our  own  childish  game  of  lil-tat-to.  This 
CMS  of  the  pomumencc  of  an  ancient  game  was  long  ago  recognized 
bj  Hrde  in  his  treatise,  '  De  Ludis  Orientalibns.'  It  is  the  simplest 
form  of  the  groap  known  to  us  as  vtill,  mereUes,  morrit,  plajed  by 
children  all  the  way  across  from  Shetland  to  Singapore.  Among  the 
TBn«tic«  of  dranght-games  played  in  the  world,  one  of  the  mostelabo- 
nte  is  the  Chinese  wei-chi,  or  game  of  circumvention,  the  honoured 
pMitinie  of  the  learned  classes.  Here  one  object  is  to  take  your  enemy 
by  snrrotinding  hixo  with  four  of  your  own  men,  bo  as  to  make  what  is 
called  an  '*  eye,"  which  looks  as  though  the  game  belonged  historically 
to  &•  ajne  gronp  as  the  simpler  classic  draughts,  where  the  man  is 
ftikoB  between  two  adversaries.  In  modem  Europe  the  older  games 
of  tldfl  claaa  have  been  niperaeded  by  one  on  a  different  principle.  The 
Instory  of  what  we  now  call  drmujhtt  is  disclosed  by  the  French 
dietionaiy,  which  shows  how  the  men  used  to  be  called  pions,  or 
pswna,  till  they  reached  the  other  side  of  the  board,  then  becoming 
iamtt  or  queens.  Thus  the  modem  game  of  draughts  is  recognized 
■a  beang,  in  iitct,  a  low  variety  of  chess,  in  wliich  the  pieces  are  all 
pawn*,  tamed  into  queens  in  chess-fashion  when  they  gain  the  adver- 
■aiy'a  lin«.  The  earliest  plain  accounts  of  the  game  are  in  Spanish 
bo<^  of  the  Middle  Agoe,  and  the  theory  of  its  development  through 
Um  mediBval  cheas  problems  will  be  found  worked  out  by  the  best 
■otbority  on  cbeoB,  Dr.  A.  van  der  Linde,  in  his  '  Geschichte  dos 
flehacbipiela.' 

The  gronp  of  games  represented  by  the  Hindu  tiger-and-eoiet,  oar 
e,  shows  in  a  simple  way  the  new  situations  that  arise  in 
I  when  the  men  are  no  longer  all  alike,  but  have  different 
,  or  moToa.  Isidore  of  Seville  (about  a  j>.  COO)  mentious,  under 
I  of  latruneuU,  a  game  played  with  pieces  of  which  some  were 
[  aoldiers  {ordinarii),  marching  step  by  step,  while  others  were 
I  (vagi).  It  seems  clear  that  the  notions  of  a  kriogspiel,  or 
,  aad  of  pieces  with  different  powers  moving  on  the  cheqnor- 
{amiliar  in  the  civilized  world  at  the  time  when,  in  the 
■igbth  oentury  or  earlier,  some  inventive  Hindu  may  have  given  them 
•  ■Mr*  perfect  organisation  by  setting  on  the  board  two  whole  opposing 
•llutMt  cadi  complete  in  the  four  forces,  foot,  horse,  elephants,  and 
alfriiyta,  from  which  an  Indian  army  is  caUed  in  Sanskrit  rhaturamjn, 
or  "  fimr-bodied."  The  game  thns  devised  was  itself  called  eluituranga, 
fbr  wban  it  paned  into  Persia  it  carried  with  it  its  Indian  name  in  the 
totm  ikatramj,  atill  retained  there,  though  lost  by  other  nations  who 
■WNivad  the  game  from  Persia,  and  named  it  from  tlio  Persian  name 
■f  Iht  nrinoipal  pieoo,  the  $hah,  or  king,  whence  Kharh,  cfchect,  r/icjw. 
Aeeannsg  to  thio  simi>le  theory,  which  Boems  to  have  the  best  evidence, 
Amb  is  ■  late  and  high  develo)>mont  arising  out  of  the  ancient  draught- 
Bat  there  is  another  theory  moiiitiincd  by  Professor  Duncan 
I  is  his  '  History  of  Chess,'  and  prominent  in  one  at  least  of  our 
haadbooka,  which  pnu;tically  amounts  to  Baying  that  chess  is 


derired  from  backgnminon.     It  is  argued  that  tho  original  gan 
the  Indian  fourfold-cliess,  played  with  fonr  balf-sets  of  uiL-n,  blac 
green,  and  yellow,  ranged  on  tho  four  sides  of  the  board,  the  mc 
the  piec«B  being  regulated  by  tho  throws  of  dice ;  that  in  cou 
time  tho  dice  were  given  up,  and  each  two  allied  half-sets  o 
ocMlesced  into  one  whole  set,  one  of  the  two  kings  sinking 
poaitioD  of  miiuBter,  or  queen.     Now  this  fourfold  Indian  dice 
is  undoubtedly  a  real  game,  but  the  mentions  of  it  nro  modem,  w 
history  records  the  spread  of  chess  proper  over  tho  East  as  oi 
the  tenth  oentory.      In  the  most  advanced  Indian  form  of  j 
called  cJkupur,  there  are  not  only  the  four  sots  of  ditferent-oc 
men,  but  the  very  same  stick-dice  that  arc  nsod  in  tho  dice 
which  looks  as  thoagh  this  latter  game,  far  from  being  the  a 
fonn  of  chees,  were  an  absurd  modern  hybrid   resulting  frc 
attempt  to  play  backgammon  with  chess-men.     This  is  Dr.  T 
Liudo's  opinion,  readers  of  whose  book  will  find  it  supported  b| 
torhnioal  points,  while  they  will  bo  amused  with  the  author's 
belaU>uring  hi*  adrersary  Forbes,  which  reminds  one  of  the  1 
of  luediaBTiiLl  chess-players,  where  the  match  naturally  concla 
«■•  lMa|ni>g  the  other  about  the  head  with  the  board.     It  is  n- 
to  dbacrtW  Doro  the  well-known  points  of  difference  botweoa  thi 
Pmaan  and  the  modern  European  chess.     On  the  whole,  the 
■MM  Imm  mibateBtiaUy  held  its  own,  while  numberless  attei 
Iwlwp  it  XBto  philoaophcrs'  chees,  military  tactics,  &o.,  hav 
failed,  bringing,  as  they  always  do,  too  much  inst 
i  th<>  plan  which  in  ancient  India  was  shaped  so  judi 
I  ilpoK  and  acienoe. 
tm.  lUs  aniw  of  gMiw  I  haye  confined  myself  to  such  as 
■m«cto  ibr  4iiBito  nnark,  tbe  many  not  touched  on  includinj 
•f  vlMk^  Am   ■WBhl   latiotj  is  still  obscure.     Of  the  cone 
niM^  MOit  ara  bo  donbt  imperfect,  and   some  i 
U  WMMi  hast  to  bring  them  forward  for  the  pui 
Mi^jtat  f  MiwU,  with  a  riew  to  inducing  travel! 
to  inm  a^  ■JMUjk  accorate  acconnts  of  all  nnde 
b  Ooon  *  Third  Voyage'  it  is  mentioned  t 


WB^^M  aMMM*  rii9<ai  a  Mine  like  dranghte  with  black  an< 
MMm  «•  »  V«ara  «ir  li  bgr  17  aqaans.  Had  the  explorers  sj 
■•■»  )ft  >»M«i>g  il»  w»  alMvU  pMliape  have  known  whether  it 
Cy*aaa  or  Mm  lEalajr  faiiie,  or  what  it  was ;  and  this  might  ha 
j~jy  ^j?*^  **■*  **  BatiTO  BMBorj,  to  the  connection  of  th« 
■••■•  '■*k  •  ^1^  Aaialio  ovltaie  in  ages  before  a  Europe« 

kMi«MM«iiy^yMir<«i«itMft. 

l*wiiili»a  to  aall  atteotioa  to  a  point  which  this  research  i 
•^Jv**'*'**  •^  (MM8  baact  atrongly  into  view.  In  tho  8 
yyyi'i^  ••«'••  ■■•y  owar  branches  of  natural  history,  a 
•f  C(w«M  avtHtiMi  fiwraa  itoalf  a  trustworthy  guide.  But 
•xi*  «*!,»  to  MMMM  ttial  odtura  aiust  always  come  on  by  regi 
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Tmrjisg  progress.     Tbat,  on  the  contrary,  the  lines  of  change  may  be 

extremely  circnitons,  the  history  of  games  affords  instmctive  proofs. 

Looking  OTer  a  playground  wall  at  a  game  of  hockey,  one  might  easily 

^^^MMJ  the  Bimplo  line  of  improvement  to  have  been  that  the  modem 

^Hwboolboy  took  to  using  a  carved  stick  to  drive  the  ball  with,  instead 

^^  of  horling  it  with  his  hands  as  he  wonld  have  done  if  ho  had  been 

•  young  Athenian  of  b.o.  600.  But  now  it  appears  that  the  line  of 
|Bi>giw  was  by  no  means  so  simple  and  straight,  if  we  have  to  go 
mond  by  Persia,  and  bring  in  the  game  of  polo  as  an  intermediate 

If,  comparing  Greek  draughts  aud  English  draughts,  we  were 

Jomp  to  the  conclusion  that  the  one  was  simply  a  further  develop- 

'■cat  of  the  other,  this  wonld  be  wrong,  for  the  real  course  apiiears  to 

hanre  been  that  some  old  draught-game  rose  into  chess,  and  then  again 

•  lowered  form  of  chess  came  down  to  become  a  new  game  of  draughts. 
We  may  depend  upon  it  that  the  great  world-game  of  evolution  is  not 
played  only  by  pawns  moving  straight  on,  one  siiuare  before  another, 
bat  that  long-stretching  moves  of  pieces  in  all  directions  bring  on 

ntoAtionB,  not  readily  foreseen  by  minds  that  find  it  hard  to  see 
n  mores  ahead  upon  a  chess-board. 

[E.  B.  T.] 


WEEKLY  EVENING  MEETING, 

Friday,  March  28,  1879. 

>  8n  W.  FteoniaE  Pollock,  Bart.  M.A.  Vice-President,  in  the  Chair. 

Maxw-Gixkbal  Sib  Hknbt  0.  Bawlidson,  E.C.B.  F.B.S. 

Urn  Otegrofijf  of  tiie  Oxut,  and  the  Changes  of  iU  Course  at  different 
Period*  of  Hitiory. 

[lla^oin  OB  tli«  lubjecl  will  probably  be  given  in  the  '  Jonmal  of  the  Boyal 
Ooogtaphi(<al  Society.'] 
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WEEKLY  EVENING  MEETING, 
Friday,  April  4,  1879. 

William  Spottibwoodb,  Esq.  D.C.L.  LL.D.  Pres.  R.S 

Vico-Prosidcnt,  in  tho  Clmir. 

William  Cbookis,  F.R.S. 

Molccnlar  Phytic*  in  High  Vacua. 

Whkn  I  Wfts  askod,  a  month  or  two  ago,  to  illustrate  in  this 
some  of  my  recent  researches  on  Molecular  Physics  in  High  "^ 
exclaimed  "  How  is  it  possiblo  to  bring  such  a  subject  wurthil 
a  Royal  lustitution  audience  when  none  of  tho  csjwrimcDts 
seen  more  than  throe  foet  off?"     If  to-night  I  am  fortunate 
to  show  all  the  exiiorimonts  to  those  who  aro  not  far  diatanl 
I  succeed  iu  making  most  of  them  vtsiblo  at  the  far  end  of  the 
Bucfa  a  success  will  be  entirely  due  to  tho  great  kindness  of  y 
Secretary,  Mr.  Bpottiswoodo,  who  has   placed  at   my  dispi 
magnificent  induction-coil, — not  only  for  this  lecture,  but  f 
weeks  past  in  my  own  Laboratory, — thus  enabling  me  to 
apparatus  and  vacuum  tubes  on  a  scale  so  largo  as  to  relies 
all  anxiety  so  far  as  tho  experimental  illustrations  are  conccn 
Before  describing   the  Bjteoial   researches  in  molecular 
which  I  propose  to  illustrate  this  evening,  it  is  necessary  t 
brief  outline  of  one  small  department  of  the  modem  theoi 
constitution  of  gases.    It  is  not  easy  to  make  clear  tlio  kinetic 
but  I  will  try  to  simplify  it  in  this  way : — Imagine  that  I  l 
large  box  a  swarm  of  bees,  each  bee  independent  of  its  fello' 
about  iu  all  manner  of  directions  and  with  very  different  t< 
The  bees  are  so  crowded  that  they  can  only  fly  a  very  short 
without  coming  into  contact  with  one  another  or  with  the 
the  box.     As  they  are  constantly  in  collision,  bo  they  reboD 
each  other  with  altered  velocities  and   in  different   directi 
when  these  collisions  tako  place  against  the  siilcs  of  the  box 
is  produced.     If  I  take  some  of  tho  bees  out  of  the  box,  the 
which  each  individual  bee  will  bo  able  to  fly  before  it  co! 
contact  with  its  neighbour  will  bo  greater  than  when  the 
full  of  booB,  and  if  I  remove  a  great  many  of  the  boos  I  incr 
considerable  extent  the  average  distance  that  each  can  fly  w 
collision.     This  distance  I  will  call  the  bee's  'Xflnn  free  pnlh. 
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I  tiM  bees  are  nnmoroas  tbe  moan  &ee  path  is  very  short ;  when  the 
ai«  few  the  mean  free  path  will  be  longer,  the  length  being 
)  iuTermlj  proportional  to  the  nomber  of  bees  present.  Let  ua  now 
f  faaagiiie  a  loose  diaphragm  to  be  introduced  in  the  centre  of  the  box, 
•  to  diride  the  unml>er  of  bees  equally.  The  same  number  of 
I  being  on  each  side,  the  impacts  on  the  diaphragm  will  be  equal ; 
imaA  the  mean  speed  of  the  bees  being  the  same,  the  pressure  will  be 
identical  on  eac^  side  of  the  diaphragm,  and  it  will  not  move. 

Let  me  now  warm  one  side  of  this  division  so  as  to  let  it  oom- 

pWaaicatfl  extra  energy  to  a  bee  when  it  touches  it.     As  before,  a 

I  will  strike  the  diaphragm  with  its  normal  mean  velocity,  but  will 

be  drirea  back  with  extra  velocity,  the  reaction  producing  an  increase 

of  p<«aBiire   on   the   diaphragm.     It   will    be   found,    however,  that 

I  klthoogh  the  diaphran;m  is  free  to  move,  the  extra  strength  of  the 

teeoil  on  the  warm  side  does  not  produce  any  motion.     This  at  first 

Bgfat  aeems  contrary  to  tlio  law  of  action  and  reaction  being  equal. 

Vbe  explanation  is  not  difficult  to  nnderstand.     The  bees  which  fly 

•way  from  the  diaphragm  have  drawn  energy  from  it,  and  therefore 

more  qoicker   than  those  which  are  coming   towards  it;  they  beat 

the  crowd  to  a  greater  distance,  and  keep  a  greater  number 

['from  striking  the  diaphragm.     Near  to  the  heated  side  of  the  dia- 

Iphragm  the  density  is  less  than  the  average,  while  beyond  the  free 

the  density  is  above  the  average,  and    this  greater  crowding 

~  I  to  all  other  parts  of  the  box.     Thus  it  happens  that  the  extra 

of  tbe  impacts  against  the  worm  side  of  tbe  diaphragm  is 

exactly  oompensated  by  ^e  increased  number  of  impacts  on  the  cool 

In  spite  therefore  of  the  increased  activity  comninnicatcd  to  a 

lymtion  of  the  bees,  the  pressure  on  the  two  sides  of  the  diaphragm 

f  vill  ranaio  the  eame.    This  represents  what  occurs  when  the  extent 

l«f  the  box  containing  the  bees  is  so  great,  compared  with  the  mean 

I  patb,  that  the  abrupt  change  in  the  velocities  of  those  bees  which 

from   the  walls  of  the  box  produces  only  an  insensible 

on   the  motions  of  bees  at  so  greftt  a  distance  as  the 

I  will  next  ask  you  to  imagine  that  I  am  gradually  removing  bees 
oar  box,  atill  keeping  the  diaphragm  warm  on  one  side.  The 
g<<tiiHl  fewer  the  ooUinona  will  become  less  frequent,  and  the 
I  each  bee  oan  fly  before  striking  its  neighbour  will  get  longer 
k^er,  and  the  crowding  in  front  of  them  will  grow  less  and 
.  The  compensation  will  also  diminish,  and  the  warmed  side  of 
I  dluhragm  will  have  a  tendency  to  bo  beaten  back.  A  point  will 
■A  iMt  M  reached  on  the  warm  side,  when  the  mean  free  path  of  the 
baas  will  be  long  enough  to  admit  of  their  dashing  right  across  from 
lbs  ^f^'Tf"  to  the  side  of  the  box,  without  meeting  more  than  a 
Mrtais  Bimer  of  in-ooming  been  in  their  flight.  In  this  case  the 
hmm  win  no  longer  fly  qaite  in  tlio  same  direction  as  before.  They 
wUl  aov  tj  lew  sideways,  and  more  forwards  and  backwards  between 
&oe  of  the  diaphragm  and  the  opposed  wall  of  the  box. 

L  a 
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BocanBO  of  tbis  preponderating  motion,  and  also  because  the 
thereby  less  effectually  keep  back  bees  crowding  in  from  the 
there  will  now  bo  a  greater  proportionate  pressure  both  on  t 
face  of  the  <liaphragm  and  on  that  part  of  the  box  which  is  ii 
of  it.  Hence  the  pressure  on  the  hot  side  will  now  oicecd  that 
cool  side  of  the  diaphragm,  which  will  oonBeqnontly  have  a  bac 
movement  commuuicated  to  it. 

I  may  diminish  the  size  of  the  bees  as  much  as  I  like,  a 
correspondingly  increasing  their  nniubor  the  mean  free  pat 
remain  the  same.  Instead  of  bees  lot  rao  call  them  molecub 
instead  of  having  a  few  hundreds  or  thousands  in  the  boi  let  m 
millions  and  billions  and  trillions ;  and  if  wo  also  diminish  th< 
free  path  to  a  considerable  extent,  we  gut  a  rough  outline 
kinetic  theory  of  gases.  (I  may  just  mention  that  the  mean  fn 
of  the  muleculea  in  air,  at  the  ordinary  pressure,  ia  the  ten-thov 
of  a  niillimotro.) 

Throe  years  ago  I  had  the  honour  of  bringing  before  y 
roBults  of  some  researches  on  the  Badiometcr.  Let  mo  now  t 
the  subject  whore  I  then  loft  off.  I  have  here  two  radiometers 
Lave  been  rotating  before  you  under  the  influence  of  a  stron 
ehining  upon  them. 

The  explanation  of  the  movement  of  the  radiometer  is  thi 
light,  or  the  total  bundle  of  rays  included  in  the  term  "  light," 
upon  the  blackened  aide  of  the  vanes,  bocomoa  absorbed,  and  1 
raises  the  tcmporaturo  of  the  black  side :  this  causes  e.xtra  exci 
of  the  air  molecules  which  come  in  contact  with  it,  and  prei 
produced,  causing  the  By  of  the  radiometer  to  turn  round. 

I  have  long  believed  that  a  well-known  appearance  obse: 
vacuum  tubes  is  closely  related  to  the  phenomena  of  the  me 
path  of  the  molecules.  When  the  negative  polo  is  cxaminefl 
the  discharge  from  an  induction-coil  is  passing  through  an  erl 
tube,  a  dark  spnco  is  seen  to  snrronnd  it.  Tiits  dark  space  i 
to  increase  and  diminish  as  the  vacuum  is  varied,  in  the  sai 
that  the  ideal  layer  of  molecular  pressure  in  the  radiometer  in 
and  diminishes.  As  the  one  is  porcoivod  by  the  mind's  eye 
greater,  so  the  other  is  aeon  by  the  bodily  eye  to  incroaeo  in  si 
the  vacuum  is  insuflRcicnt  to  permit  the  radiometer  to  tu 
passage  of  electricity  shows  that  the  "  dark  apnce "  has  ehi 
small  dimensions.  It  is  a  natural  inference  that  the  dark  i 
the  moan  free  path  of  the  molcculeH  of  the  residual  gas. 

The  radioinettir  which  has  just  been  turning  under  the  it 
of  the  lime-light  is  not  of  the  ordinary  kind.  Fig.  1  will  osj 
constntction. 

It  is  similar  to  an  ordinary  radiometer  with  aluminium  di 
vanes,  each  disk  coated  on  one  side  with  a  film  of  mica.  Tl 
supported  by  a  Imnl  stool  instead  of  glass  cap,  and  the  need! 
on  which  it  works  is  connoetod  by  moans  of  a  wire  with  a  p] 
terminal  sealed  into  the  glass.     At  the  top  of  the  radiomefa 
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Booond  terminal  is  scaled  in.  The  radiometer  can  therefore  bo 
[cannected  with  an  indnction-ooil,  the  movable  Qy  being  made  the 
(iHgktiTe  pole. 

As  soon  as  the  pressure  is  reduced  to  a  few  millims.  of  mercnrj, 

I  halo  of  velvety  violet  light  forms  on  the  metallic  side  of  the  vanos, 

^'tiie  mica  side  remaining  dark.     As  the  preesore  diminishes,  a  dark 

is  seen  to  separate  the  violet   halo  from   the  metal.     At  a 

IfnsBnre  of  half  a  milllm.  this  dark  space  cx- 

to  the  glass,  and  positive  rotation  com- 

On   con  tinning    the   exhaastion    the 

[  ilii^  tptce  farther  widens  ont  and  appears  to 

itaelf  against  the  glass,  when  the  rota- 

^tido  baoomes  very  rapid. 

Ton  perceive  a  dark  space  behind  each  vane 
■nd  moving  round  with  it.  In  the  first  cxperi- 
ndiation  from  the  lime-light  falling  on 
metallic  sides  of  the  voncs,  produced  a 
^  layer  of  molecular  pressure  which  drove  the 
flj  roand;  so  hero  Uio  induction-current  has 
[fvodooed  molecular  excitement  at  the  surface 
of  the  vaocs  forming  the  negative  polo,  oxtend- 
ing  np  to  the  side  of  the  glass. 

When  the  negative  pole  is  in  rapid  rotation 
it  ia  not  euj  to  see  this  dark  space,  so  I  have 
_   '  m  tube  in  which  the  dark  space  will 
[la  visible  to  all  present.    The  tube,  as  you 
t  vin  see  by  the  diagram  (Fig.  2),  has  a  polo  in 
'  the  centre  in   the  form  of  a  metal  disk,  and 
polea  at  each  end.    The  centre  pole  is 
I  ae^UiTe,  and  the  two  end  polea  connected 
are  mode  the  positive  terminal.     The 
[4ttk  Ufaee  will  be  in  the  centre.     When  the 
is  not  very  groat  the  dark  space  ex- 
osly  a  little  distance  on  each  side  of  the  negative  pole  in  the 
When  the  exhaustion  is  very  good,  as  it  is  in  the  tube  before 
I  no,  sad  I  torn  on  the  coil,  the  dark  space  is  seen  to  extend  for  about 
Is  inebes  on  each  aide  of  the  pole. 

Here,  then,  we  see  the  induction  spark  actually  illuminating  the 

I  of  molecular  pressure  caused  by  the  excitement  of  the  negative 

'pole.    The  thickness  of  this  dark  space — nearly  2  inches — is  the 

of  the  moan  free  path  between  sncccasive  collisions  of  the 

Iw  of  the  residual  gas.     The  extra  velocity  with  wliich  tho 

electrified  molocnles  rebound  from  the  excited  pole  keeps 

:  ybe  more  slowly  moving  molecules  which  are  advancing  towards 

Ikil  polSL     The  conflict  occurs  at  tlio  boundary  of  tho  dark  space, 

whsf«  Ibe  Inminons  margin  bean  witness  to  the  energy  of  tho  dis- 

I  will  endesTonr  to  throw  on  the  screen  an  illustration  of  this 
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dark  space.  A  stream  of  water  falls  &om  a  small  jot  on  to  t 
zontal  plato  of  glass.  The  water  spreads  OTor  tbe  plato  and  fi 
thin  film.  Ttio  jet  of  water  in  the  centre,  from  the  velocity 
fall,  drives  the  film  of  water  before  it  ou  all  sides,  raising  it 
ring-shaped  heap.  As  I  diminish  the  force  of  the  jet  the  rin 
tracts :  this  is  equivalent  to  the  exhanstiou  getting  less.  Vi 
increase  the  force  of  water  the  ring  expands  in  size,  the  effect 
analogous  to  an  increase  of  exhanstiou  in  my  tubes.  The 
velocity  of  the  falling  particles  of  water  drivofi  the  in-coming  pa 
of  water  before  thom,  and  raises  a  ridgo  round  the  side  which  o 

Fio.  2. 


represents  the  luminous  halo  to  the  dark  BX)ace  to  be  seen  i 
tube. 

If,  instead  of  a  flat  disk,  a  metal  cup  is  used  for  the  negativi 
the  encccBsivo  appearances  on  exhausting  tho  tube  are  son 
different.  Tho  velvety  violet  halo  forms  over  each  side  of  tL 
On  increasing  tho  exbaustion  the  dark  space  widens  oat,  ret 
almost  exactly  tho  shape  of  the  cup.  The  bright  margin  of  th 
space  becomes  concentrated  at  the  concave  side  of  tho  cnj 
luminous  focus,  and  widens  out  at  the  convex  side.  When  th 
space  is  very  much  larger  than  the  cup,  its  outline  forms  an  irr 
ellipsoid  drawn  in  towards  the  focal  point.  Inside  the  lui 
boundary  a  dark  violet  light  can  bo  seen  converging  to  a  focur 
as  the  rays  diverge  on  the  other  side  of  the  focus,  spreading  1 
the  margin  of  the  dark  space ;  the  whole  appearance  being  stri 
similar  to  tho  rays  of  the  eun  reflected  from  a  concave  mirror  tl 
a  foggy  atmosphere.  This  proves  a  somewhat  important  po 
shows  that  the  molecules  thrown  off  tho  excited  negative  pole  1 
in  a  direction  almost  normal  to  the  surface. 

I  can  illnstrate  this  property  of  the  molecular  rays  by  an  < 
ment.  This  diagram  (Fig.  3)  is  a  representation  of  the  tube  w! 
before  you.     It  contains,  as  a  negative  polo,  a  hemi-cy Under 
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poliilied  alnmininin.  This  is  counecUxl  with  n  fine  cop])cr  wire,  6, 
onding  at  the  platiuuni  terminal,  c.  At  the  uppor  end  uf  the  tube 
is  •aothor  terminal,  d.  The  indnction-ouil  is  connected  so  that  the 
hemi-cylindcr  is  negative  and  the  upper  pole  poeitivo,  and  when 
exhanstod  to  a  sufficient  extent,  as  is  the  case  with  this  tube,  the  pro- 
jection of  the  molecolar  rays  to  a  focus  is  very  beautifully  shoMm. 
The  i»y8  are  driyen  from  the  homi-cylinder  in  a  direction  normal  to 
its  rar&oe;  they  come  to  a  focus  and 
tlwB  diTorgo,  tracing  their  path  iu  bril- 
liant green  phusphortscenoe  an  the  sur- 
face uf  the  glass. 

ToB  will  notice  that  the  rays  which 
project  from  the  negative  pole  and  cross 
in  the  centre  have  a  bright  green  appear- 
ance ;  that  colour  is  outirely  duo  to  the 
pluMpboreeoence  of  the  glass.  At  a 
wmj  high  exhaustion  the  phenomena 
■oticwd  in  ordinary  vacuum  tubes  when 
tfae  induction  spark  passes  through 
Utem — an  appearance  of  cloudy  lumin- 
caitj  and  of  stratifications — disappears 
entirely.  No  cloud  or  fog  whatever  in 
leea  iu  the  body  of  the  tube,  and  with 
•adi  ■  TBoanm  as  I  am  working  with  iu 
these  experiments — about  a  millionth 
part  of  an  atmosphere — the  inner  sur- 
face ot  the  glan  glows  with  a  rich  groen 
phonihoreaoence,  the  intensity  of  colour 
TM^ruig  with  the  perfection  of  the  vacuum. 
It  acaRiely  begins  to  show  much  before 
the  800,000th  of  an  atmosphere.  At 
•boat  k  millionth  of  an  atiiioBphore  the 
phneyhoreecenoe  is  very  strong,  and  after 
that  it  begins  to  diminish  until  there 
an  Bot  cnoogh  molecules  left  to  allow 
the  spark  to  paaa.* 

I  have  here  a  tube  which  will  serve  to  illustrnto  the  dependence 
of  the  green  phosphorescence  of  the  glass  on  the  degree  of  perfection 
of  the  vacuum  (Fig.  4).  The  two  poles  aru  at  n  and  h,  and  at  the  end 
(r)  is  a  aniall  supplementary  tube  conupcted  with  the  other  by  a 
nartuw  aperture,  and  containing  solid  caustic  potai-h.  The  tube  has 
bean  axhaiuted  to  a  very  high  point,  and  the  potash  heated  so  as  to 
4iif«  off  noistaro  and  deteriorate  the  vacuum.      Exhaustion  has  then 


*  I '0  mflltoDth  nT  an  atoHNipbcro        =     0-00076  inilliai. 

ISI5-789  millioaths  of  an  aliuosphere  =      1-0  niillim. 
1,000,000  .,  „  ,.  =  7)M)-0  milliiuH. 
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exbaustod,  and,  ns  bofuro,  will  make  the  side  pole  (i(')  the  nega 
the  top  pole  (b)  being  positive.  Notice  how  widely  ditterent  h 
appearance  from  that  shown  by  the  last  bnlb.  The  negative  po 
in  the  form  of  a  Bhallow  cup.  The  btrndle  of  rays  from  the 
croaoea  in  the  centre  of  the  bulb,  and  tbonce  diverging  falls  on 
opposite  side  as  a  circular  patch  of  green  light.     As  I  turn  the 
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round  you  will  all  be  able  to  see  the  faint  blue  focus  and  the 
patch  on  the  gloss.  Now  observe,  I  remove  the  positive  wire 
the  top,  and  connect  it  with  the  side  pole  (<■).  The  green  patch 
the  divergent  negative  focus  is  still  there.  I  now  make  the  1 
pole  (il)  positive,  and  the  green  patch  still  remains  where  it  w 
first,  unchaiigod  in  position  or  intensity. 

This,  then,  gives  ua  another  fact  which  brings  ns  a  little  nea 
the  cause  of  this  green  phosphorescence.  It  is  this — that  in  th 
viicnum  the  position  of  the  posilivo  polo  is  of  every  import 
whilst  in  a  high  vacnum  it  scarcely  matters  at  all  where  the  po 
pole  is ;  the  phonomoua  aeom  to  depend  entirely  on  the  negative 
In  very  high  vacua,  such  as  wo  have  been  using,  the  phono 
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follow  altogether  the  negative  pole.  If  the  negative  pole  points  in 
IIm  direction  of  the  poeitive  all  very  well,  but  if  the  negative  pole  is 
antircly  in  the  opposite  direction  it  does  not  matter:  the  line  of  rays 
W  projected  all  die  same  in  a  straight  line  from  the  negative. 

I  hatre  hitherto  spoken  of  and  illustrated  these  phenomena  in 
flonnoction  with  great  phosphorescence.  It  does  not  follow,  however, 
Uiat  the  pbosphoreacenoe  is  always  of  that  colour.  This  colouration 
is  a  property  of  the  particular  kind  of  glass  in  use  in  my  laboratory. 
I  have  here  (Fig.  7)  tbroo  bulbs  competed  of  diflferent  glass :  one  is 
nimninin  glass  ^o^  which  phosphoresces  of  a  dark  groon  colour; 
anotlisr  is  English  glass  (6),  which  phosphoresces  of  a  blue  colour ; 
and  Ihe  third  {c)  is  soft  Gorman  glass — of  which  most  of  the  appa- 
I  before  you  is  made — which  phosphoieooes  of  a  bright  apple-green 

Flo.  7. 


It  is  therefore  plain  that  this  particular  green  phospho* 
I  is  solely  due  to  the  glass  which  I  am  using.  Were  I  to  use 
''^«CTi«<«  glass  I  should  have  to  speak  of  blue  phosphorescence,  but 
I  know  of  no  glass  which  is  equal  to  the  German  in  brilliancy. 

If  J  earlier  experiments  were  almost  entirely  carried  on  by  the  aid 
of  the  phosphorescence  which  glass  tAkes  up  when  it  is  under  the 
inAwooe  of  the  electric  discharge  in  rncuo;  but  many  other  sub- 
■lannfM  powess  this  phosphorescent  power,  and  some  have  it  in  a 
mek  higber  degree  than  glass.  For  instance,  here  is  some  of  the 
laHBOaasnlphide  of  calcium  prepared  according  to  M.  EiL  Bccqnorors 
J— tfiiition.  When  it  is  exposed  to  light — even  candlelight — it 
pboapooreaoes  for  hoars  with  a  rich  bine  colour.  I  have  prepared  a 
oiagnm  with  largo  letters  written  in  this  luminous  sulphide ;  before 
it  is  cxpoaod  to  the  light  the  letters  are  invisible,  but  Mr.  Gimingham 
kaa  Jasl  exposed  it  in  another  room  to  baming  ma^csium,  and  now 
il  is  UOOght  into  the  darkened  theatre  you  will  see  Uie  word  "  <^," — 
tl§it,  a  tutj  imitnVl — nril  for  so  beautiful  a  phosphorescence — shining 
MgbUjr  ia  lominous  characters.  The  first  letter,  <f>,  shines  with  an 
onags  li^t;  it  is  a  sulphide  of  calcium  pro{>ared  from  oyster-shells. 
Tbe  cCber  lettora,  shining  with  a  blue  light,  are  sulphide  of  calcium 
ptepand  from  precipitated  carbouato  of  limo.    Once  the  phospho- 
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TOSoenoo  is  excited  tbo  letters  sliiiio  for  Bcvoral  bonre.  I  will  pnt 
diagram  nt  the  back,  and  we  eball  boo  bow  it  lasts  during  tb( 
mainder  of  tbo  lecture.  This  substance,  tben,  is  pbospborescei 
light,  but  it  in  also  much  more  strongly  phosphorescent  to  the  d 
cular  dtscbargo  in  a  good  Tacnnm,  as  you  will  see  when  I  pass 
discbarge  through  this  tube  (Fig.  8).  The  white  plate  (a,  b)  in 
centre  of  tbo  tube  is  a  sheet  of  mica  pai 
over  with  the  luminous  sulphide  of  which 
letter  <f»  was  composed  in  the  diagram  yon ' 
just  seen.  On  connecting  the  poles  with 
coil  the  mica  screen  glows  with  a  strong  yel 
ieb  green  light,  bright  enough  to  illuminat 
the  apparatus  Door  it.  But  there  is  am 
phenomenon  to  which  1  now  desire  to  « 
attention :  on  the  luminous  screen  is  a  kii 
distorted  star-shaped  figure.  A  little  in  } 
of  tbo  negative  polo  I  bave  fixed  a  star  (c 
out  in  alnniiuium,  and  it  is  the  image  w 
star  which  you  see  on  tbo  screen.  It  is  e^i 
that  tbo  rays  coming  from  the  negativa 
project  an  imago  of  anything  that  bappei 
be  in  front  of  it.  The  discharge,  thert 
mast  come  from  the  polo  in  straight  lines, 
does  not  merely  permeate  all  parts  of  the 
tuid  fill  it  with  light  as  it  would  wero  tb 
haustion  less  good.  Where  there  ia  nothiu 
the  way  tbo  rays  strike  tbo  screen  and  pre 
phosphorescence,  and  where  there  is  an  obe 
they  are  obstructed  by  it,  and  a  shadow  is  th 
on  the  screen.  I  shall  bavo  more  to  say  i 
this  shadow  presently;  I  merely  now  wit 
establish  the  fact  that  these  rays  driven 
the  negative  pole  produce  a  shadow. 

I  must  draw  your  attention  to  an  impo 
oxperimont  connected  with  these  molecular 
but  unfortunately  it  is  a  very  delicate  one 
very  difBcult  to  show  to  many  at  once ;  1 
hope,  if  you  know  beforehand  what  to  lool 
you  will  all  bo  able  to  see  what  I  wii 
show.  In  this  poar-Bhapcd  bulb  {Fig.  9  a)  the  negative  pole  ( 
at  the  pointed  end.  In  the  middle  is  a  cross  (6)  cut  out  of  i 
aluminium,  so  that  the  rays  from  the  negative  pole  projected  i 
tbo  tube  will  bo  partly  intercepted  by  the  aluminium  cross,  and 
project  an  image  of  it  on  the  hemispherical  end  of  the  tube  whi 
phospborcHoent.  I  think  yon  will  all  now  see  the  shadow  of  the 
on  the  end  of  the  bulb  (c,  d),  and  notice  that  the  cross  is  block 
Imuiiions  ground.  Now,  the  rays  from  tlie  negative  pole  have 
passing  by  the  side  of  the  alnmimum  cross  to  produce  the  sha 
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tbcj  ha,ye  been  hammeriiig  and  bombarding  the  glacis  till  it  is 
appreciAblj  warm,  and  at  the  Eamo  timo  they  have  been  producing 
another  effect  on  that  glass — they  have  deadened  its  sensibility.  The 
g]M*  h«8  got  tired,  if  I  may  use  the  expression,  by  the  enforced 
phogphoreaoence.    Some  change  has  been  produced  by  this  bombard- 
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meat  which  will  prevent  the  glass  from  responding  easily  to  additional 
excitfloient ;  but  the  part  that  the  shadow  has  fallen  on  is  not  tired^ 
it  has  not  been  phosphorescing  nt  all  and  is  perfectly  fresh  ;  thoro- 
fbra  if  I  throw  this  star  down,— I  can  easily  do  so  by  giving  the 
apparatns  a  slight  jerk,  for  it  has  been  most  ingeniously  constructed 
with  ft  binge  by  Mr.  Gimingham, — and  so  allow  the  rays  from  the 
■aatltTe  pole  to  fall  uninterruptedly  on  to  the  end  of  the  bulb,  yon 
■W  nddenly  mo  the  black  cross  (<r,  d.  Fig.  9  b)  change  to  a  luminous 

^^^^BV  ('•/)<  beoftose  the  background  is  only  faintly  phosphorescing, 
^^^^Rrilat  Uie  part  which  had  the  black  shadow  on  it  retains  its  full 
■iMispiiorMoent  power.  The  luminous  cross  is  now  dying  out.  This 
ii  %  Boat  delicat«  and  venturous  oxperimont,  and  I  am  fortunate  ia 
hariag  raooeedod  so  well,  for  it  is  ono  that  cannot  bo  rohoarsod. 
Aflar  natiBg  fur  a  time  the  glass  seems  to  {lartly  recover  its  power  of 
ylMapbonacuit;.  but  it  is  norar  ao  good  as  it  was  at  first. 

We  have,  tboteforo,  foond  an  important  fact  connected  with  this 
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phoBphorcscence.    Something   is  projected  from  the  negative  ] 
which  has  the  power  of  hammering  away  at  the  glose  in  front  of  if 
Bach  a  way  as  to  cause  it  not  only  to  vibrate  and  become  tempora 
luminouB  while  the  discharge  is  going  on,  but  to  prodiioo  an 
prcssion  upon  the  glass  which  is  permanent.     The  explanation  wl 
has  gradually  evolved  iteclf  from  this  series  of  experiments  is  this 
The  exhaustion  in  these  tubes  is  so  high  that  the  dark  space,  i 
showed  yon  at  the  commencement  of  this  Lecture,  that  exten 
around  the  negative  polo,  has  widened  out  till  it  entirely  fills 
tube.     By  great  rarefaction  the  mean  free  path  bos  become  so  1 
that  the  hits  in  a  given  time  may  bo  disregarded  in  comparison  to 
misses,  and  the  average  molecule  is  now  allowed  to  obey  its  i 
motions  or  laws  without  interference.     The  moan  free  path  is  in 
comparable  to  the  dimensions  of  the  vessel,  and  wo  have  no  longe 
deal  with  a  Mnlinitong  portion  of  matter,  as  we  should  were  the  ti 
less  highly  exhausted,  but  wo  must  here  contemplate  the  molec' 
inilivitiuaUy.     At  first  this  was  only  a  convenient  working  hypotht 
Long-continnod  experiment  then  raised  this  provisional  hypoth 
almost  to  the  dignity  of  a  theory,  and  now  the  general  opinion  is 
this  theory  gives  a  fairly  correct  explanation  of  the  facts.     In  tl 
highly  exhausted  vessels  the  mean  free  path  of  the  residual  molec 
of  gas  is  so  long  tliat  thoy  are  able  to  drive  across  from  the 
to  the  other  side  of  the  tube  with  comparatively  few  collisions, 
negatively  electrified  molecules  of  the  gaseous  residue  in  the  1 
therefore  dash  against  anything  that  is  in  front,  and  cast  shad 
of  obstacles  just  as  if  they  were  rays  of  light.     Where  they  strike 
glass  thoy  ore  stopped,  and  the  production  of  light  accompanies 
endden  arrest  of  velocity. 

Other  substances  besides  English,  German,  and  uranium  gloss, 
Bocquerel's  luminous  sulphides,  are  also  phosphorescent.  I  th 
without  exception,  the  diamond  is  the  most  sensitive  substance  I ) 
yet  met  for  ready  and  brilliant  phoepborescenee.  I  have  here  a  t 
similar  to  those  already  exhibited,  containing  a  mica  screen  par 
with  powdered  diamond,  and  when  I  turn  on  the  coil,  the  brill 
blue  phosphorescence  of  the  diamond  can  be  aeon,  quite  ovorpowe 
the  green  phoaphoresconco  of  the  gloss.  Hore,  again,  is  a 
curious  diamond,  which  I  was  fortunate  enough  to  meet  with  a  s 
time  ago.  By  daylight  it  is  green,  produced,  I  fancy,  by  an  int£ 
fluorescence.  The  diamond  is  mounted  in  the  centre  of  this 
hausted  bulb  (Fig.  10),  and  the  negative  discharge  will  be  dire 
on  it  from  below  upwards.  On  darkening  tho  theatre  you  see 
diamond  shines  with  as  much  light  as  a  candle,  phosphorescing 
bright  green. 

In   this   other  bulb   ia  a   remarkable  collection   of  crystal 
diamonds,  which  have  been  lent  me  by  Professor  Maskelyne.     Vt 
I  pass  tho  discharge  over  them  I  am  afraid  you  will  only  be 
to  sec  a  fow  points  of  light,  but  if  you  will  examine  them  < 
the  Lecture,  you  will  Boe  them  phosphorcsco  with  a  most  biil 
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of  oolonrs — blue,  apricot,  red,  yellowish  green,  orange,  and 
pale  green. 

Next  to  the  diamond  the  rnby  is  one  of  the  most  remarkable 
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for  phoepboreacing.  In  this  tabo  (Fig.  II)  is  a  collection 
of  raby  pebbles,  for  the  loan  of  which  I  am  indebted  to  my  friend 
Xr.  Blogg,  of  the  firm  of  Blogg  and  Martin,  who  placed  a  small 
Mckfol  at  my  dispoMil.  As  soon  as  I  turn  on  the  induction  spark 
ytm  will  aM  tbotw  rubies  shining  with  a  brilliant  rich  red  colonr,  as  if 
tbaj  were  glowing  hot.    Now  the  niby  is  nothing  but  crystallised 
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alumina  with  a  little  ooloi:ring-roatter,  and  it  became  of  great  inte 
to  ascertain  whether  the  artificial  ruby  made  by  M.  Feil,  of  P» 
would  glow  in  the  Barae  manner.  I  had  simply  to  make  my  wj 
known  to  M.  Foil,  and  he  ininiodiatoly  sent  me  a  box  contaiu 
artificial  rubies  and  crystals  of  alumina  of  all  sizeB,  and  from  thoi 
have  selected  the  mass  in  this  tube  which  I  now  place  under 
discharge:  they  jihosphoresce  of  the  same  rich  red  colour  as 
natural  ruby.  It  scarcely  matters  what  colour  the  ruhy  is,  to  be 
with.  In  this  tnlw  of  natural  rubies  there  are  stonea  of  all  colom 
the  deep  red  ruby  and  the  pale  pink  ruby.  There  are  sorat 
pale  as  to  be  almost  colonrlcsB,  and  some  of  the  highly-prized  tin 
pigeon's  blood  ;  but  in  the  vacuum  under  the  negative  discharge  i 
all  phosphoresce  with  about  the  same  colour. 

As  I  have  just  mentioned,  the  rnby  is  crystallised  alumina,  j 
paper  published  twenty  years  ago  by  Ed.  Becquerol*  1  find  tha< 
describes  the  oppearance  of  alumina  ns  glowing  with  a  rich  red  co 
in  the  phosphoroscope  (an  instrument  by  which  the  dm-ation  of  p! 
phoresccnco  in  the  sunlight  can  be  examined).  Hero  is  some  ch< 
cally  pure  precipitated  alumina  which  I  have  prepared  in  the  i 
careful  manner.  It  has  been  heated  to  whiteness,  and  you  se 
glows  with  the  rich  r«l  colour  which  is  BUj)po8cd  to  be  character 
of  alumina.  The  mineral  hnonn  as  corundum  is  a  colourless  vai 
of  crystallisetl  alumina.  Under  the  negative  discharge  in  a  vaci 
corundum  phosphoresces  of  a  rose-pink  colour.  There  is  ano 
curious  fact  in  which  I  think  chemists  will  feel  interested, 
sapphire  is  also  crystallised  alumina,  just  the  same  as  the  r 
The  ruby  has  a  little  colouring-matter  in  it,  giving  it  a  red  col 
the  sapphire  has  a  colouring-matter  which  gives  it  a  blue  col 
whilst  corundum  is  white.  I  have  here  in  a  tube  a  very  fine  crj 
of  sapphire,  and,  when  I  pass  the  discharge  over  it,  it  gives  alter 
bands  of  rod  and  green.  The  red  we  can  easily  identify  with 
glow  of  alumina  ;  but  what  is  the  green  ?  If  alumina  is  precipit 
and  purified  as  carefully  as  in  the  case  I  have  just  mentioned,  but 
somewhat  difiercnt  manner,  it  is  found  to  glow  with  a  rich  g 
ct>lour.  Hero  are  the  two  specimens  of  alumina  in  tubes,  sidi 
side.  Chemists  would  say  that  there  was  no  difference  between 
and  the  other ;  but  I  connect  them  with  the  induction-coil,  and 
see  that  one  glows  with  a  bright  green  colour,  whilst  the  other  g 
with  a  rich  red  colour.  Here  is  a  fine  specimen  of  chemically 
alumina,  lent  me  by  Messre.  Hopkin  and  Williams ;  by  ordi 
light  it  is  a  perfectly  white  powder.  It  is  just  possible  that  the 
fire  of  the  ruby,  which  has  caused  it  to  bo  so  prized,  may  be 
not  cntiridy  to  the  colouring-matter,  but  to  its  wonderful  powi 
phosphorescing  with  a  deep  rod  colour,  not  only  under  the  ele 
discharge  in  a  vacuum,  but  whenever  exposed  to  a  strong  light. 

The  spectrum  of  the  red  light  emitted  by  all  these  varioti 

•  Annalca  do  Oliimie  el  du  Physique,  3rd  series,  vol.  Ivii.  p.  50,  1859. 
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».]«min> — tbe  ruby,  coruuduiu,  or  artificially  precipitated  alumina 

H  Uie  same  as  described  by  Beoquercl  twenty  years  ago.  There  is 
I  ODo  intense  red  line,  a  little  below  the  fixed  line  B  in  the  spectrum, 
IliaTiDg  a  vavo-lengtb  of  about  6895.  There  is  a  continnous  spectrum 
I  beginning  at  about  B,  and  a  few  fainter  lines  beyond  it,  but  they  are 
I  wo  faint  in  comparison  with  this  red  line  that 
\  they  may  be  neglected.  This  lino  may  be  called 
'  the  characteristic  line  of  altunina. 

I  now  pass  on  to  another  fact  connected  with 
l ibis Dflgative discharge.  Here  is  a  tube  (Fig.  12) 
I  with  •  negatiTe  pole  (a,  b)  in  the  form  of  a 
hemi  -  cylinder,  similar  to  the  ono  you  have 
klTCMdy  seen  (Fig.  3),  but  in  this  case  I  reociTe 
,  the  rays  on  a  phoephoreeocnt  screen  (c,  d).  See 
I  horn  brilliantly  the  lines  of  discharge  shine  out, 
I  and  how  intensely  the  focal  point  is  illuminated ; 
' .  lights  the  whole  table.  Now  I  bring  a  small 
near,  and  move  it  to  and  fro;  the  rays 
^the  magnetic  force,  and  the  focus  bends  one 
•J  and  the  other  as  the  magnet  passes  it.  1  can 
'  this  magnetic  action  a  little  more  definitely. 
is  ft  loog  glass  tube  (Fig.  13),  very  highly 
~  I  with  a  negative  pole  at  one  end  (a) 
•  long  phosphorescent  screen  {h,  c)  down 
e  of  the  tube.  In  front  of  tne  negative 
is  a  plate  of  mica  (6,  d)  with  a  hole  («')  in 
and  the  result  is  that  when  I  turn  on  the 
^cnrrent,  a  lino  of  phosphorescent  light  (e,  /)  is 
along  the  whole  length  of  the  tube. 
'  place  beneath  the  tube  a  powerful  horsc- 
1  magnet :  see  how  the  line  of  light  becomes 

under  the   magnetic   influence   (e,  g),  waving   about  liko   a 
wand  as  I  move  the  magnet  up  and  down.     The  action  of  the 
can  bo  understood  by  reference  to  this  diagram  (Fig.  14). 
Fio.  13. 


Ths  north  pols  gives  the  ray  of  molecules  a  spiral  twist  ono  way,  and 
Iks  sooth  pole  twists  it  the  other  way ;  the  two  poles  side  by  side 
'*»'ff*  tha  ray  to  move  in  a  straight  lino  up  or  down,  along  a  plane 
sftnat aa|doa  to  the  piano  of  tliu  magnet  and  a  lino  joining  its  poles. 
Ifow  it  u  of  groat  inlcroel  to  ascertain  whether  the  law  governing 
VoulX.    (No.  71.)  M 
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tbe  nmgnetic  deSection  of  tlio  trajectory  of  the  moleculos  ie  tbe  b 
ae  has  boon  fotmd  to  hold  good  at  a  lower  vacuum.  Tho  for 
exporitnont  was  with  a  very  high  vacnum.  This  is  a  tube  with  a 
vacuum  (Fig.  15).    On  passing  the  iuductiou  spark  it  passes  i 


narrow  lino  of  violet  light  joining  the  two  polos.  Underneath  I 
a  powerful  electro-magnet,  I  make  contact  with  tbe  magnet, 
tho  line  of  light  dips  in  the  centre  towards  the  magnet  I  ro' 
the  poles,  and  tho  line  is  driven  up  to  tho  top  of  the  tube.  N 
the  difference  between  the  two  phenomena.  Here  the  actio 
temporary.  The  dip  takoH  plaoo  under  tho  magnetic  iuflnenoe 
line  of  discharge  then  rises,  and  pursues  its  path  to  tho  positive 
In  the  high  exhaustion,  however,  after  the  ray  of  light  hod  dipp 
the  magnet  it  did  not  recover  itself,  but  coutinuod  its  path  ii 
altered  direction.  , 

Fio.  15. 


During  these  experiments  another  property  of  this  mole 
discharge  has  mode  itself  very  evident,  although  I  have  no 
drawn  attention  to  it.  The  glass  gets  very  warm  where  tho  | 
phosphorescence  is  strongest.  The  molecular  focus  on  tho 
which  we  have  just  seen  (Fig.  12)  would  be  intensely  hot,  and  I 
prepared  an  apparatus  by  which  this  heat  nt  tho  focus  con  I: 
tensified  and  rendered  visible  to  all  present.    This  small  tut 
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QTig.  16)  is  famished  with  a  negative  pole  in  the  form  of  a  cnp  (b). 
The  rajB  will  therefore  be  projected  to  a  focus  in  the  middle  of  the 
tube  (Fig.  17,  a).     At  the  side  of  the  tube  is  a  small  electro-magnet, 


Mr.  William  Orodkct 


[Apri 


which  I  can  set  in  action  bj  touching  a  key,  and  the  focus  is  t 
drawn  to  tbo  eido  of  the  gletss  tube  (Fig.  17,  6).     To  show  tho  i 
action  of  the  heat  I  bare  coated  tbo  tubo  with  wax.     I  will  pat 
apparatus  in  front  of  tbo  electric  lantern  (d),  ond  throw  a  magni 
image  of  the  tube  on  the  Bcreen.     Tho  coil  is  now  at  work,  and 
focns  of  molecular  rays  is  projected  along  tbo   tubo.      I  tnm 
magnetism  on,  and  draw  tbo  focus  on  tbo  sido  of  the  glass.     '. 
first  thing  yon  see  is  a  small  circular  patch  melted  in  the  coatini 
wax.     The  glass  soon  begins  to  disintegrate,  and  cracks  are  sbooj 
starwiso  from  tbo  centre  of  boat.     Tbo  gloss  is  softening.     Now 
atmospheric  pressure  forces  it  in,  and  now  it  melts.     A  hole  (< 
perforated  in  the  middle,  tho  air  rushes  in,  and  tho  experiment  i 
an  ond. 

Instead  uf  drawing  tho  focus  U>  the  sido  of  tbo  glass  wit 
magnet,  I  will  take  onutbur  tube  (Fig.  18),  and  allow  tbo  focus  t 

I 


Fio.  17. 


Fro.  18. 


1\ 


\h> 


^' 


the  cup-Bliapcd  negiilivo  pulo  (ii)  to  play  ou  a  piece  of  platinum  ' 
(6)  which  is  supiwrtcd  in  tlio  coutro  of  the  bulb.  Tho  platinum  ' 
not  only  gets  white  hot,  but  you  can  see  sparks  coming  from  it  oi 
sides,  showing  that  it  is  actually  melting. 

Hore  is  another  tube,  but  instead  of  ])latinum  I  have  put  in 
focus  that  beautiful  alloy  of  platinum  and  iridium  which  Mr.  MatI 
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brought  to  gach  porfection,  and  I  think  that  I  shall  sncceed  in 
melting  that.  I  first  turn  on  the  indiictioa-coil  slightly,  so  as 
to  bring  out  its  full  power.  The  focus  is  now  playing  on  the 
*>■  platinum,  raising  it  to  a  whito  heat.  I  bring  a  small  magnet 
,  and  you  see  I  can  deflect  the  foous  of  heat  just  as  I  did  the 
lominous  fix^os  in  the  other  tube.  By  shifting  the  maguot  I  can 
drive  the  focus  up  or  down,  or  draw  it  completely  away  from  the 
metal,  and  render  it  non-luminous.  I  withdraw  the  magnet,  and  let 
the  molecules  bare  full  play  again  ;  the  metal  is  now  white-hot.  I 
increase  the  intensity  of  the  spark.  The  metal  glows  with  almost 
iarapportable  brilliancy,  and  at  last  melts. 

There  ia  still  another  property  of  this  molecular  discharge,  and  it 
I  is  tliia: — You  have  seen  that  the  molecules  are  driven  violently  from 
I  negatire  pole.     If  I  place  something  in  front  of  these  molecules, 
'  diow  the  force  of  impact  by  the  heat  which  is  produced.     Can  I 
I  this  mechanical  action  evident  in  a  more  direct  way?  Nothing  is 
upler.    I  have  only  to  put  some  easily  moving  object  in  the  line  of  dis- 
in  order  to  get  a  poweiful  mechanical  action.   Mr.  Qiuuugham, 


Fio.  19. 


[vidi  groat  akill,  has  constructed  a  piece  of  apparatus  which  I  will 

ij  put  in  the  electric  lantern,  so  that  all  will  be  able  to  sec  its 

But  first  I  will  explain  the  construction  by  moans  of  this 

(Fig.  19).     The  negative  pole  (n,  b)  is  in  the  form  of  a  very 

Inw  cup.     In  front  of  tlio  cup  is  a  mica  screen  (i;d),  wide  enough 

i  lo  iBtanraH  newly  all  the  molecular  rays  coming  mim  the  negatiTe 

[folsL     Beoind  this  screen  is  a  mica  whcol  («,/)  with  a  aeries  of  vanea, 

~ '   g  ■  auK  of  |Nwidlo-wheel  of  it.     So  arranged,  the  molecular 

froin  the  pole  a  b  will  nearly  all  bo  cut  off  from  the  wheel,  and 

vfast  iit<«nM«»  OT«r  and  under  the  scroon  will  hit  the  vaneB  equally,  and 
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will  not  prmlaco  any  movcraont,  I  now  pnt  a  magnet,  g,  over  the  t 
BO  08  to  deflect  the  Btrcam  over  or  under  the  obstacle  c  d,  and  the  re 
will  be  i-apid  motion  in  one  or  the  other  direction,  according  to 
way  the  magnet  is  turned.  I  now  throw  the  inu^e  of  the  apparatu 
the  screen.  The  spiral  lines  painted  on  the  wheel  show  which  wi 
turns.  I  arrange  the  magnet  to  draw  the  ntolecitlar  stream  so  s 
beat  against  the  upper  vanes,  and  the  wheel  revolves  rapidly,  as 
wore  an  over-shot  water-wheel.  I  now  torn  the  magnet  so  as  to  c 
the  molecular  stream  underneath  ;  the  wheel  slackens  speed,  stops, 
then  begins  to  rotate  the  other  way,  as  if  it  were  an  under-shot  w) 
wheel.  This  can  be  repeated  as  often  as  I  like  to  reverse  the  posi 
of  the  magnet,  the  change  of  rotation  of  the  wheel  showing  in 
diately  the  way  the  molecular  stream  is  deflected. 

This  experiment  illustrates  the  last  of  the  phenomena  which 
allows  mo  to  bring  before  you,  attending  the  passage  of  the  in 
tion  spark  through  a  highly  oihausted  atmosphere.  It  will  no 
naturally  asked.  What  have  we  learned  from  the  phenomena  dosci 
and  exhibited,  and  from  tho  explanations  that  have  boon  propoi 
Wo  find  in  those  phenomena  confirmation  of  the  modem  vien 
matter  and  energy.  Tho  facts  elicited  are  in  harmony  with  the  th 
that  matter  is  not  continuous  but  composed  of  a  prodigious  nnmbi 
minute  particles,  not  in  mutual  contact.  Tho  facts  also  are  in 
aooordanoe  with  tho  kinetic  theory  of  gases — to  which  I  hove  alri 
referred — and  with  the  conception  of  heat  as  a  particular  kind  of  one 
expressing  itself  as  a  rapid  vibratory  motion  of  the  particles  of  mn 
This  alone  would  bo  a  lesson  of  no  small  value.  In  Scionoo,  c 
law,  every  generalisation,  however  well  established,  muKt  coneta 
bo  submitted  to  the  ordeal  of  a  comparison  with  nowly-disoov 
phenomena ;  and  a  theory  may  be  pronounced  triumphant  when 
found  to  harmonise  with  and  to  account  for  facts  which  when  it 
propounded  were  still  unrecognised  or  unexplained. 

But  the  experiments  have  shown  us  more  than  this :  we  have  ] 
enabled  to  contemplate  matter  in  a  condition  hitherto  unknown, — 
fourth  state, — as  far  romoTod  &om  that  of  gas  as  gas  is  from  lit 
where  the  well-known  properties  of  gases  and  clastic  fiuids  al: 
disappear,  whilst  in  their  stead  are  revealed  attributes  previo 
masked  and  unsuspected.  In  this  ultra-gaseous  state  of  mi 
phenomena  are  perceived  which  in  the  mere  gaseous  condition  ai 
impossible  as  in  liquids  or  solids. 

I  admit  that  between  tho  gaseous  and  the  ultra-gaseous  state  t 
can  be  traced  no  sharp  boundary ;  the  one  merges  imperceptibly 
the  other.  It  is  true  also  that  we  cannot  see  or  handle  matter  in 
novel  phase.  Nor  can  human  or  any  othor  kind  of  organic  life 
ceivable  to  us  penetrate  into  regions  where  such  ultra-gaseous  mi 
may  be  supposed  to  exist.  Nevertheless,  we  ore  able  to  observe  it 
experiment  on  it,  legitimately  arguing  from  the  seen  to  the  unseei 

Of  the  practical  applications  that  may  oriso  out  of  these  resoan 
it  would  now  bo  premature  to  speak.     It  is  rarely  given  to  tho 
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ooveror  of  new  facts  and  new  laws  to  witness  thoir  immediate  utilisa- 
tion. Tbo  ancients  showed  a  perhaps  nnconscious  sagacity  when  they 
•elected  the  olive,  one  of  the  slowest  growing  trees,  as  the  Sjmibol  of 
Miner?*,  the  goddess  of  Arts  and  Industry.  Nevertheless,  I  hold  that 
aO  oarefol  honest  research  will  ultimately,  even  though  in  an  in- 
direct maimer,  draw  after  it,  as  Bacon  said, "  whole  troops  of  practical 
•pplioUioaa." 

[W.  C] 


GENERAL  MONTHLY  MEETING, 

Monday,  April  7,  1879. 

8m  W.  Fbsdxriok  Poixock,  Bart.  M.A.  Vice-Prcsidont, 
in  the  Choir. 

John  James  Anbertin,  Esq. 
Mrs.  Walter  F.  Ball, 
Henry  Bruoe  Boswell,  Esq. 
Fitzwilliam  Comyn,  Es<i. 
ClandioB  Shirley  Harris,  Esq. 
Thomas  Herbert  Soworby,  Esq. 
tUeted  Members  of  the  Royal  Institution. 

The  following  Arrangements  for  the  Lectures  after  Easter  were 
kUKmioed : — 

Paub,    Eeq.  —  Three   Leetnres   on   Bchnbort,    Hendelgsobn,    and 
I  (wiCk  Uutleai  IlUtdnUiotui) ;  on  Tncadays,  April  22  to  May  6. 

DrWAB,  HA.  FJl.S.  —  Fire  I^ecturcs  on    ■  Diaaociation ; "   on 
.  AprU  SI  to  May  29. 

H.  U.  Stathak.  Eaq. — Foot  Lecture*  on  the  Leading  Styles  of  Arcljitccture 
Hlitiirifllj  and  A>tbotioally  Coiuidered ;  on  Saturdays,  April  26  to  May  17. 

FfeonaKW  Kabl  UiLLnwAMO. — Six  Lectnroa  on  the  Intellectool  Movement  of 
GwHMy  {Rmd  the  Middle  of  tbe  Last  to  tbc  Middle  of  the  Preaent  Century ; 
M  TmmbS,  May  IS :   Monday*,  May  19,  20,  June  2 ;   Tuesday,  June  10 ;  and 
Hnday.  June  IS. 

Bnucr,  Esq.  M.A.  Vviktmni  of  Modem  History,  Cfunbridge.— 
BnggaalioDS  to  Bhidonts  and  Bcadi-rs  of  History.    On  Tuesdays, 
May  SO,  27,  Jnoe  S;  and  on  Thursday,  Juno  5. 

FaonaMW   Hnanr   Moaunr.  —  Three  Leetorea  on  Swift.     On  Saturdays, 
May  M  10  June  7. 

Tho  PianaiTf  reooived  sinoe  the  last  Meeting  were  laid  ou  the 
tdilg^  nd  tbe  thanks  of  the  Members  returned  for  the  same,  via. : — 
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dM-£.te>*(,  itoM»—Atti,  Serio  m.Transunti,  Vol.  m.  Fuse.  &    4ta 


iaricdtasirf&cMv  «/  Mmcfamd,  ffoyfU-.l'.uninl.  Bi-niud  Bcriv*.  Vol.  XV.  Part  1. 
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Ailronomieal  Sodety,  Aoyoi— Monthly  Notioea,  Vol.  XXXL  No.  4.    8to.     1 
Uritith  ArclMedt,  Rriyal  lattUuU  o/— 187S-9:  FroccediogB,  No.  9. 

Tranaactiona,  No.  8.    4to. 
BritiA  Attoeialion  for  the  AdranaemaU  of  Seienee — Bepoit  of  the  Fort7-«i 

Maetiog  at  Dnblin,  Aogoat,  1878.    8to.     1879. 
Ok«m*eaI  Boeiay—JoaniBl  for  March,  1879.    8to. 

Ciea  Enoineeri  Jfu(«H(ioti— Minutes  of  Prooeedings,  Tol.  LV.    8td.     1879. 
Cunningham,  D.  D.  M.B.  (the  AiUltor) — On  Certain  Effects  of  Starvation  on  > 

table  and  Animul  Tissues.    4to.     1879. 
fUttort— American  Journal  of  Science  for  March,  1879.    8to. 

Analyst  for  Marcli,  1879.    8vo. 

AthenasDm  for  March,  1879.    4to. 

Chemical  News  for  March,  1879.    4tD. 

Engineer  for  March,  1879.     fol. 

Horological  Journal  for  March,  1879.    8to. 

Iron  for  MarrU,  187a    41o. 

Joumul  for  Applied  Scieuco  for  March,  1879.    fol. 

Monthly  Journol  of  Science.  March,  1879.    8to. 

Nature  for  March,  1879.    4to. 

Tclegmphio  Joumul  fur  March,  1879.    8vo. 
Frnnklin  Inttitute—Jownml,  No.  639.     8vo.     1879. 

Geoyraphical  Ifocicty,  lioyal — I'roocodings,  New  Series.  Vol.  I.  No.  3.   Svo. 
Letcu,  T.  li.  MM.  ((he  Author) — The  Microacopic  Organisms  found  in  the ! 

of  Man  and  Animals  and  thtir  licliitioQ  to  Disease.    4to.     1879. 
Lixnrpool  Literary  and  Philoiophieid  Society — Proooedings,  No.  32.    8to.    18 
Madras  Literary  Society— Madras  Journal  of  Literature  and  Science  for 

8to.     1879. 
MeUoroloiilcal  SociWy— Quarterly  Journal,  Nos.  28,  29.     Svo.     1878-9. 
rholiigra}ihio  Society — Journal,  New  Series,  Vol.  III.  No.  6.     Svo.     1879. 
Phyncal  Society  of  Ijondon — Proceedings,  Vol.  II.  Piirt  5.    Svo.     1879. 
PrsMiiiaks  Attademif  iler  Wiffeiuehaftm — Monatsbericlite  :  Dec.  1878,    8vi 
Boual  Soeitty  of  iyiii(«ur(;;i— Trnnsootions,  Vol.  XXVllI.  Port  2.     4to.    U 

Pmcoodings,  Nos.  100,  101,  102.    Svo.     1877-8. 
lioyal  Society  of  London — Proceedings,  No.  193.     1879. 
Society  of  Arts— Journal  for  Mnrch,  1879. 

Sumont,  O.  J.  iio.— Monthly  Mi-teorologioal  Mogazine,  March,  1879.     Svo 
Tuton,  FrofetK/r  It.  V.  {the  Editor) — Cooloy's  Oyclopffidia  of  Proctionl  Be< 

Port  11.     8vo.     1870. 
Vercim  lur  BefOrderung  de$  Oewerbfleiuee  in  Preutien — Verhnndciiingen, 

Hoft  3.    4to. 
Vincent,  Charlei  W.  F.R.S.E.  (the  £W«tor)— Dictionary  of  Chemistry  appli 

the  Arts  and  Manufactures.     Division  VII.     4to.     1879. 
Wiltl,  Dr.  11.  ( llie  Director) — Annalcn  de»  Physikoliachen  Centrol-observatoi 
Russia.    Jnhrgang,  1877.    4to.     1878. 

lU'pertorium  fiir  Metoorologio :  Baud  VI.  Hoft  I.   4to.    8t.  Petetsbnrg. 

ITnrrfn  De  La  Rue.  Eiq^  M.A.  D.C.L.  F.R.S.  See.  fl.7.— Profiasor  Moi 
InHiilnting  Stand  on  Sir  Willinm  Thomson's  System  of  Insnlating  by  i 
of  Sulphuric  Acid. 
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WEEKLY  EVENING  MEETINQ, 

Friday,  April  25,  1879. 

Thi  Dukk  op  Nobthumbkkland,  D.C.L.  LL.D.  the  Lord  Privy  Seal, 
President,  in  the  Chair. 

Fbanois  G ALTON,  Esq.  F.R.S.  M.R.I. 

Generic  Images.*  J 

Ix  the  pre-scientifio  stage  of  every  branch  of  knowledge,  the  pro- 
vmlent  notions  of  phenomena  are  founded  upon  general  imprcBsions ; 
bat  when  that  stage  is  passed  and  the  phenomena  are  measured  and 
mnnbered,  many  of  those  notions  are  found  to  bo  wrong,  oven  absurdly 
K>.  lliis  is  the  case  not  only  in  professional  matters,  but  in  those  | 
with  which  everyone  has  some  opportunity  of  becoming  acquainted. 
Think  of  the  nonsense  spoken  every  day  about  the  signs  of  coming 
weather,  in  connection,  for  example,  with  the  phases  of  the  moon. 
Think  of  the  ideas  about  chance,  hold  by  those  who  are  unacquainted 
with  the  theory  of  probabilities;  think  of  the  notions  on  heredity, 
before  the  days  of  Darwin.  It  is  unnecessary  to  multiply  instances ; 
Am  freqaent  incorrectness  of  notions  derived  from  general  impressions 
■aj  be  MBomed,  and  the  object  of  the  fullo^ving  djscourso  is  to  point 
eat  a  principal  cause  of  it 

Attention  will  be  called  to  a  source  of  error  that  is  inherent  in  our 
wn>da,that  vitiates  the  truth  of  all  our  general  impressions,  and  which 
m  can  never  wholly  eliminate  except  by  separating  the  confused  facts 
l^oo  wluch  our  general  impressions  are  founded,  and  treating  tbom 
aaaerioallj  by  the  regular  methods  of  statistics.  It  is  not  sufficient 
to  learn  that  an  opinion  has  been  long  established  or  held  by  many, 
but  we  most  oolloot  a  large  number  of  instances  to  test  that  opinion, 
and  nnmerically  compare  the  suooesses  and  the  failures. 

Oar  general  impreflsions  are  founded  upon  blended  memories, 
and  these  latter  will  be  the  chief  topic  of  the  present  discourse.  An 
•aalogf  will  be  pointed  out  between  those  and  the  blended  portraits 

*  This  memoir  i*  io  pari  an  abstnot,  and  in  mwll  port  iSi  pxtcnuion  nf  the 
jMSonf  that  w«j  actually  dctirorod.  The  greater  mrt  nf  t)io  subject  mnttor  hiu 
lMa  Iralad  mote  foUjr  in  Ibr  July  uunibor  of  the  '  niueteanUi  Century,'  but  (bo 
•iMypa  Qlartiatiou  nhioh  arc  given  hero  iirr  not  insaited  than. 
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first  described  by  myself  a  ycnr  ago  nndor  the  name  of  '  Composi 
Portraits,'  "  aud  siiocimens  of  the  latter  will  bo  cxliibitod.  Tben  tJ 
cause  will  bo  oipliiiuod  that  roudurs  the  laiad  incompetent  to  blei 
memories  together  in  tbcir  just  proptirtions. 

The  physiological  basis  of  moiuory  is  simple  enough  in  its  bro: 
outlines.  Whenever  any  group  of  brain  elements  has  been  eicitod  1 
a  souBO  impression,  it  becomes,  so  to  speak,  tender,  and  liable  to 
easily  thrown  again  into  a  similar  state  of  excitement.  If  the  ik 
cause  of  excitement  differs  from  the  original  one,  a  memory  is  t 
result.  Whenever  a  single  cause  throws  difforeut  groups  of  br» 
elements  simultaneously  into  excitement,  the  result  must  be  a  blend 
memory. 

We  are  familiar  with  the  fact  that  faint  memories  ore  very  apt 
become  confused.  Thus  some  picture  of  luouiitaiu  and  lake  ii 
country  which  we  have  never  visited,  often  recalls  a,  vague  sense 
identity  with  mnch  we  have  seen  elsewhere.  Our  recolloctiona  cam 
be  disentangled,  though  general  resemblances  are  recognized.  II 
also  a  fact  that  the  memories  of  persons  who  have  great  powers 
visuaUsing,  that  is,  of  seeing  well-defined  images  in  the  mind's  e 
are  no  less  capable  of  being  blended  together.  Artists  aro,  as  a  clo 
poBseesed  of  the  visualising  power  in  a  high  degree,  and  they  are 
ibe  same  time  pre-eminently  distinguished  by  their  gifts  of  genen 
zation.  They  are  of  all  men  the  most  capable  of  producing  for 
that  are  not  copies  of  any  individual,  but  represent  the  charocterif 
features  of  classes. 

There  is  then,  no  doubt,  from  whatever  side  the  subject  of  memi 
is  approached,  whether  from  the  material  or  from  the  mental,  and, 
the  latter  case,  whether  we  examine  tho  experiences  of  those  in  wh 
the  visualising  faculty  is  faint  or  in  whom  it  is  strong,  that  tho  br 
has  the  capacity  of  blending  memories  together.  Neither  can  th 
bo  any  donbt  that  general  impressions  are  faint  and  perhaps  fat 
editions  of  blended  memories.  They  are  subject  to  errors  of  tl 
own,  and  they  inherit  all  those  to  which  the  memories  are  tbemsol 
liable. 

Specimens  of  blended  portraits  will  now  be  exhibited ;  these  mij 
with  more  propriety,  be  named,  according  to  the  happy  phrase 
Professor  Huxley, "  generic  "  portraits.  The  word  generic  presuppc 
a  genus,  that  is  to  say,  a  collection  of  individuals  who  have  m 
in  common,  and  among  whom  medium  characteristics  are  very  m 
more  frequent  than  extreme  ones.  The  same  idea  is  Bomotii 
expressed  by  the  word  typical,  which  was  much  used  by  Qufitt 
who  was  the  first  to  give  it  a  rigorous  interpretation,  aud  whose  i 
of  a  type  lies  at  tho  basis  of  his  statistical  views.  Nu  statistic 
dreams  of  combining  objects  into  the  some  generic  group  that  do 
cluster  towards  a  common  centre,  no  more  can  we  compose  gen* 

•  'Journal  of  tho  Anthropol.  Institnto'  (Nov.  1878);  or,  'Nature'  (p. 
J  878). 
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portnuts  out  of  hoterogcnooos  elements,  for  if  the  attempt  be  mode  to 
do  BD  the  result  ib  monstronB  and  uieaDmglcss. 

It  might  be  expected  that  when  mauy  different  portraits  are  fused 
into  a  single  one,  the  resalt  would  be  a  mere  smndge.  Snch,  however, 
is  bj  no  means  the  case,  midor  the  conditions  just  laid  down,  of  a 
great  preralence  of  the  mediocre  characteristics  over  the  extreme  ones. 
There  are  then  so  many  traits  in  common,  to  combine  and  to  rein- 
force one  another,  that  they  prevail  to  the  exclasion  of  the  rest.  All 
that  is  common  remains,  all  that  is  individual  tends  to  disappear. 

The  first  of  the  composites  exhibited  on  this  occasion  is  mode  by 
OODTDjing  the  images  of  throe  separate  portraits  by  means  of  throo 
asparate  magic  lanterns  upon  the  same  screen.  The  stands  on  which 
the  lanterns  are  mounted  have  been  arranged  to  allow  of  nice  adjust- 
ment. The  composite  abont  to  be  shown  is  one  that  strains  the  powers 
of  the  process  somewhat  too  severely,  the  portraits  combined  being 
those  of  two  brothers  and  their  sister,  who  have  not  even  been  photo- 
giaphed  in  precisely  the  same  attitudes.  Nevertheless,  the  rosult  is 
seen  to  he  the  production  of  a  face,  neither  male  nor  female,  bat  more 
regnlar  and  handsome  than  any  of  the  component  portraits,  and  in 
which  the  common  family  traits  are  clearly  marked.  Ghosts  of 
portions  of  male  and  female  attire,  due  to  the  peculiarities  of  the 
separate  portraits,  are  seen  about  and  around  the  composite,  but  they 
•re  not  sufficiently  vivid  to  distract  the  attention.  [This  effect  is  well 
teen  in  the  composite  of  Napoleon  in  the  antotypo  photographic  plate 
iwre  annexed.]  If  the  number  of  combined  portraits  had  been  large, 
these  ghostly  accessories  would  have  become  too  faint  to  bo  visible. 
(See  the  very  faint  indication  of  the  various  ears  in  the  co-composite 
of  the  criminala.J 

The  next  step  is  to  compare  this  portrait  of  two  brothers  and 
their  sister  which  has  been  composed  by  optical  means  before  the  eyes 
of  the  audience,  and  concerning  the  truthfulness  of  which  there  can 
be  no  doubt,  with  a  photographic  composite  of  the  same  group.  Tliis 
latter  has  been  made  by  the  proooes  described  in  the  memoir  already 
reforred  to,  and  which  is  analogoas  to  that  by  which  memories  are 
Ufloded.  The  portraits  to  be  combined  are  adjusted  very  c&rofully 
oae  in  front  of  the  other,  so  that  the  features  shall  bo  as  exactly 
nperimposed  as  is  possible  from  the  nature  of  the  case.  [This  is 
done  by  making  two  pin-holes  in  the  bottom  of  one  of  them,  then 
Dlaeing  it  on  each  of  the  others  in  succession  when  hold  before  a  strong 
ught,  so  that  the  two  are  seen  in  transparency,  and  pricking  each 
throagh  the  same  pin-holes.  These  pricks  serve  as  fiducial  marks  for 
tikeir  subseqoent  arrangement]  The  packet  of  adjusted  portraits  is 
Mxt  placed  in  front  of  the  object-glass  of  a  photographic  camera,  and 
the  portraits  are  then  removed  one  by  one.  Thus  the  impression  left 
OB  the  sensitised  plate  is  that  of  a  succession  of  different  portraits 
ttf«WB  one  OB  the  top  of  another  on  the  same  part  of  it.  The  result 
is  a  eoBposite  portrait.  A  photographic  composite  prepared  iu  tliis 
way  from  the  portnuts  of  the  two  broUiers  and  sister  is  now  placed  in 
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a  fonrth  magic  lantom  with  a  brighter  light  behind  it,  and  its  im 
is  thrown  on  the  screen  by  the  sido  of  the  composite  produced 
direct  optical  superposition.  It  will  bo  observed  that  the  two  j 
oe88ca  lead  to  nlmost  exactly  the  same  result,  and  therefore  the  f 
ness  of  the  photographic  process  may  bo  taken  for  granted.  Hi 
ever,  two  other  comparisons  will  be  made  for  the  sake  of  verificat) 
namely,  between  the  optical  and  photogra])hio  compoRitos  of  i 
cLildron,  and  again  between  those  of  two  Roman  contadini. 

The  composite  portraits  that  will  next  bo  oxliibitod  aro  made 
the  photographic  process,  and  it  will  now  bo  understood  that  t 
aro  truly  composite,  notwithstanding  their  definitiou  and  appa' 
individuality.  Attention  is,  however,  first  directed  to  a  convon 
instrument  uot  more  than  18  inches  in  length,  which  is,  in  fac 
photographic  camera  with  six  converging  lenses  and  an  attat 
screen,  on  which  six  pictures  can  be  adjusted  and  brilliantly  illr 
natod  by  artijicial  light.  The  effect  of  their  optical  combination 
thus  bo  easily  studied ;  any  errors  of  adjustment  can  bo  rectified 
the  composite  may  bo  photographed  at  once. 

It  must  not  ho  supposed  that  any  one  of  the  components  fail 
leave  its  duo  trace  in  the  photographic  composite,  much  less  in 
optical  one.  In  order  to  allay  misgivings  on  the  subject,  a  si 
apparatus  is  laid  on  the  table  together  with  some  of  the  ret 
obtained  by  it.  It  is  a  cardboard  frame,  with  a  spring  shutter  clo 
an  aperture  of  the  size  of  a  wafer,  that  springs  open  on  the  pree 
of  a  finger,  and  shuts  again  as  suddenly  when  the  prossure  is  v 
drawn.  A  chronograph  is  hold  in  the  other  hand,  whoso  index  be 
to  travel  the  moment  the  finger  presses  a  spring,  and  stops  insta 
on  lifting  the  finger.  The  two  infitrumeuta  aro  worked  simi 
neously ;  the  chronograph  checking  the  time  allowed  for  each  e 
sure  and  summing  all  the  times.  It  appears  horn  several  trials 
the  effect  of  1000  brief  eipoBures  is  practically  idonticjvl  with  tht 
a  single  cximsure  of  1000  times  the  duration  of  any  one  of  t! 
Therefore  each  of  a  thousand  com]ioneuts  leaves  its  duo  pi 
graphic  trace  on  tho  composite,  though  it  is  far  too  faint  to  be  vit 
unless  reinforced  by  many  similar  traces. 

The  composites  now  to  bo  exhibited  are  made  from  coin 
medals,  and  in  most  instances  the  aim  has  been  to  obtain  tho 
likeness  attainable  of  historical  pcrsoDague,  by  combining  vai 
portraits  of  them  taken  at  difierent  periwls  of  their  lives  and  i 
elicit  the  traits  that  are  common  to  each  series.  A  few  of 
individual  portraits  are  placed  in  the  same  slido  with  each  comp 
to  give  a  better  idea  of  tho  character  of  these  blended  represental 
Those  that  aro  shown  are  (I)  Alexander  tho  Great,  from  six  i 
ponents ;  (2)  Antiochus,  King  of  Syria,  from  sis ;  (3)  Demet 
PoliorcetoB,  from  six  ;  (4)  CleoiJatra,  from  five.  Here  the  composi 
as  usual  better  looking  tlian  any  of  tho  components,  none  of  w 
however  give  any  indication  of  hor  reputed  beauty ;  in  fact, 
features  arc  uot  only  plain  but  to  an  ordinary  English  taste  are  sir 
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(5)  Noro,  from  olcven  ;  (G)  A  combination  of  five  different 

]nek  female  fitoee,  and  (7)  A  singularlr  beautifol  combination  of  the 

I  of  six  different  Roman  ladies,  forming  a  ohnrming  ideal  profile.* 

Hy  cordial  acknowledgment  is  duo  to  Mr.  B.  Stuart  Poole,  the 

learned  curator  of  the  coins  and  gems  in  the  British  Museum,  for  his 

■eleotioii  of  the  most  suitable  medals  and  for  iiroouriug  casts  of 

pfbem  for  me  for  the  present  purpose.     These  costs  were,  with  one  ex- 

[ception,  all  photographed  to  a  uniform  size  of  four-tenths  of  an  inch 

l^tween  the  pupils  of  the  eyes  and  the  division  between  the  lips, 

I  vhich  experience  shows  to  be  the  most  convenient  size  on  the  whole 

I  io  work  with,  regard  being  paid  to  many  considerations  not  worth 

rhile  to  specify  in  detail.     When  it  was  neoeasary  tbo  photograph 

I  rerened.     These  photographs  were  made  by  Mr.  H.  Beynolds ;  I 

LtbeD  adjusted  and  prepared  them  fur  taking  the  photographic  com- 

[posito. 

I  Tho  next  series  to  be  exhibited  consists  of  composites  taken  from 
I'lbe  portraita  of  criminala  convicted  of  murder,  manslaughter,  or 
leruDeB  accompanied  by  violence.  There  is  mach  interest  in  tho  fact 
ltb*t  two  types  of  features  arc  found  much  more  frequently  among 
than  among  the  population  at  largo.  In  one,  the  features  are 
and  massive,  like  those  uf  Henry  VIII.,  but  with  a  much 
brain.  The  other,  of  which  five  comi>ositvs  are  exhibited, 
dedaoed  from  a  nmubor  of  different  individuals,  varying  four  to 
[woe,  ia  a  face  that  is  weak  and  certainly  not  a  common  English 
Three  of  these  composites,  though  taken  from  entirely  different 
I  (if  individuals,  are  as  alike  as  brothers,  and  it  is  found  on  opti- 
r«BU7  oombtning  any  three  out  of  the  five  composites,  that  is  on  com- 
'  '  ag  almost  any  considerable  number  of  tho  individuals,  the  result 
dose)/  the  some.  The  combination  of  the  three  composites  just 
Inded  to  will  now  bo  effected  by  means  of  the  three  converging  magic 
^holeros,  and  tho  renult  may  be  accepted  as  generic  in  respect  of 
ttiis  particular  type  of  criminals. 

The  process  of  composite  portraiture  is  one  of  pictorial  statistics. 
it  is  a  familiar  £M!t  that  the  overogo  height  of  even  a  dozen  men  of 
noo,  taken  at  hazard,  varies  so  little,  that  for  ordinary 
'  riitistiea]  porposee  it  may  be  considered  constant.  Tho  same  may  be 
mid  uf  tltu  muaeuroment  of  every  so{>arate  feature  and  limb,  and  of 
mnrr  tint,  whether  of  skin,  hair,  or  eyes.  (Tonsequeutly  a  pictorial 
^^ambutation  of  any  one  of  these  separate  traits  would  leod  to  results 
Bn  lea*  constant  Ihun  the  statistical  averages.  In  a  i>ortrait,  there 
is  Mf^lttT  £M:tor  to  be  considered  besides  the  moasurcment  of  tho 
ssfanto  traits,  namely,  their  relative  position  ;  but  this,  too,  in  a  snfii- 
mmtiy  largo  group,  wonid  necessarily  have  a  statistical  constancy.     As 


*  Tbo  araompanying  illiMtntions  bare  been  pMograpiioally  tranaferred  (on  a 
mtaati  aealo)  to  111111111,  and  lilbogrtphed  by  the  Aatotjpe  Company,  S6,  Rath- 
iMk  Stiwt.  Tbcvatv  very  nKcenAiIly  done,  and  ate  nearly  eqool  in  cleorncu 
Ik  lb*  flticttiaU.  Tlio  ecanmslln  of  the  Rooun  Indica  come*  out  nnfortunalcly  a 
as  ibrk,  ami  aooie  of  IIm  beauty  of  the  uriginU  i«  tboroby  lost 
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a  matter  of  ubeerration,  tho  rosomblanco  between  persons  of  the  bb 
"  genus  "  (in  the  sense  of  "  generic,"  as  already  explained)  is  en 
cicntly  great  to  admit  of  making  good  pictorial  composites  oat 
even  small  groups,  as  has  been  abundantly  shown. 

Composite  pictures  are,  however,  much  more  than  averages ;  tl 
are  rather  the  ot^uivalents  of  those  large  statistical  tables  whoeo  tot) 
divided  by  the  number  of  cases,  and  entered  in  the  bottom  lino, 
the  averages.  Thoy  are  real  goucralizations,  because  they  incb 
the  whole  of  the  material  under  consideration.  The  blur  of  tl 
outlines,  which  is  never  great  in  truly  generic  composites,  eic 
in  unimportant  details,  measures  the  tendency  of  individuals 
deviate  from  the  central  tjrpo.  My  argument  is,  that  the  gen( 
images  that  arise  before  the  mind's  eye,  and  the  general  impressi 
which  are  faint  and  faulty  editions  of  tliciu,  are  the  analoguec 
these  composite  pictures  whiuL  wo  have  the  advantoge  of  eiamin 
at  leisure,  and  whose  pecidinrities  and  character  we  can  iuvestig 
and  from  which  wo  may  draw  conclusions  that  shall  throw  mnch  li 
on  the  nature  of  certain  mental  processes  which  are  too  mobile 
evanescent  to  be  directly  dealt  with. 

A  generic  mental  image  may  be  considered  to  bo  nothing  n 
than  a  generic  portrait  stamped  on  the  brain  by  the  successive  imp 
siona  made  by  its  component  images.  Professor  Huxley,  from  wli 
as  already  mentioned,  the  apt  phrase  of  "  generic  "  has  been  borrow 
has  expressed  himself  to  a  similar  effect  in  his  recent  life  of  H 
(p.  95).  I  am  rejoiced  to  find  that,  from  a  strictly  physiological  i 
this  explanation  is  considered  to  be  the  true  one  by  so  high 
authority,  and  that  he  has,  quite  indojiendently  of  myself,  adopt 
view  which  I  also  entertained,  and  hod  Liuted  at  in  my  first  descnip 
of  composite  portraiture,  though  there  was  not  occasion  at  that  i 
to  write  more  explicitly  about  it. 

In  my  original  memoir  on  composite  portroits  a  phrase  was  } 
which  was  written  with  some  hesitation,  and  which  I  have  since  qui 
but  which  it  will  now  be  the  object  to  examine  and  amend, 
words  were :  "  A  composite  portrait  represents  the  picture  that  W' 
rise  before  tho  mind's  eye  of  an  individuol  who  had  the  gift  of  pict< 
imagination  in  au  exalted  degree."  Tho  question  to  be  considorc 
whether  this  is  a  strictly  correct  statement.  If  tho  eye  of  such  a 
were  placed  in  the  position  of  the  object-glass  of  a  camera  v 
taking  the  composite  portraits,  and  if  wo  suppose  him  free  i 
mental  bias,  would  tho  resulting  picture  in  his  bruin  bo  identical 
the  composite  ?  (Here  again  wo  are  supposed  to  ignore  such  s: 
differences  as  may  exist  between  tho  photographic  and  optical  con 
site.)  The  answer  is  distinctly,  No.  SuppoRO  that  one  of  the  porti 
has  boon  exposed  for  a  periwl  fifty  times  as  long  as  any  of  tho  res 
the  photographic  composite  tho  effect  would  be  the  same  as  ths 
fifty  coats  of  transparent  pigment,  but  in  the  mental  comp< 
it  woidd  have  nothing  like  that  importance;  and  therein  lice 
source  of  error  in  our  mouta)   imprussious  that  it  is  tho  objoc 
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I  this    (liscoorse    to   point  out.      Exceptional   occnrrenccs    leave  an 

» impression    on    the   brain   of  far   greater   strength,  and   conversely 

IwbitQal  occorrencos  leave  one  of  for  leas  strength,  than  their  nombcrs 

I  warrant.     The  physiological  effect  of  prolonged  action,  or  of  roitera- 

,  tion,  is  by  no  means  in  direct  proportion  to  the  longth  of  the  one  or 

I  to  the  frequency  of  the  other.   The  magnitude  of  the  "  subjective  "  effect 

laever  bears  a  simple,  direct  proportion  to  the  magnitude  of  the  "  ob- 

[  jective  "  cause.     The  relation  between  them,  in  a  very  wide  circle  of 

I  physiological  phenomena,  is  expressed  by  the  law  of  Weber  or  Fechner, 

which  it  is  sufficient  for  our  prosont  purposes  to  state  in  its  origiunl 

]  form,  because  it  is  exceedingly  simple,  and  is  at  the  some  time  sufli- 

l«ieaUy  correct  for  all  except  extreme  coses,  in  which  certain  alien 

Icoosidcrations  begin  to  exert  a  sensible  influence.     According  to  this 

flaw  (sensation  =  log.  stimulus)   the  more  the  senses  are  stimnlatcd, 

'  tbe  more  is  their  discriminative  power  blunted.     If  a  room  is  lighted 

by  only  a  single  candle,  and  a  second  one  is  brought  in,  the  eye  feels 

•  certaii)  increase  of  light.     Now,  if  1000  candles  had  originally  l)ccn 

^  in  the  room,  it  would  require  the  addition,  nut  of  one  candle,  but  of 

I  Miothor  1000  candles,  to  produce  the  sense  of  a  similar  increase.     In 

Ivcder  that  the  magnitude  of  any  sensation  should  increase  by  a  series  of 

'•qoal  8tei>a,  the  magnitude  of  the  stimulus  that  causes  it  must  increase 

liy  snccessivo  multiples.     The  one  follows  an  arithmetic  progression, 

(Le  other  a  geometric  one. 

A  few  simple  experiments  will  illustrate  this.  Five  perfectly 
VUok  cards  are  taken,  each  of  the  dze  of  half  a  sheet  of  note  paper ; 
tJto  a  sheet  of  perfectly  white  note-paper.  The  latter  is  torn  in  two, 
,  Mid  one  half  is  laid  upon  card  No.  5,  which  it  exactly  covers.  The 
nntaining  half  is  carefully  folded  down  its  middle,  and  torn  in  two, 
and  one  portion  is  laid  on  card  No.  4,  of  which  it  exactly  covers  one 
half.  TLo  aamo  process  is  continued,  so  that  card  3  is  covered  to  tbe 
extent  of  one  quarter  of  its  surface,  4  to  one-eighth,  and  5  to  oue- 
aixteenth,  and  there  is  a  remnant  of  one-sixtoenth,  which  may  be  thrown 
away.  To  avoid  fractions,  let  us  ooimt  tbe  quantity  of  white  on  the  black 
cud  Na  1  as  one,  then  that  on  Nos.  2,  3,  4,  6  will  be  as  two,  four, 
'  tjgfr*.  and  sixteen  respectively,  the  latter  standing  for  pnro  white. 
I  Tm  next  step  is  to  cut  the  portions  of  paper  into  shreds,  and  to 
them  uniformly  over  their  respective  cards.  In  the  specimens 
npon  the  table  this  has  been  already  done,  and  the  slircds  are 
down.  The  effect,  when  they  are  looked  at  from  a  little 
with  the  eye  hot  focossed  too  shaqdy  upon  thorn,  is  that 
of  a  scrica  of  greys,  which  api>car  to  bo  separated  by  equal  intervals 
of  tint  from  one  another,  although  we  know  that  the  differences 
in  Iho  amoont  of  white  material  is  by  no  means  uniform.  The  eye 
jaigtm  card  No.  3,  whicli  contains  four  portions  of  white,  to  bo  of 
a  ■wdium  tint  between  Nos.  1  and  6 ;  but,  as  No.  1  contains  one 
pnrtion,  and  No.  5  contains  sixteen  portions,  the  medium  quantity 

of  wbito  ia  really  eight  and  a  half  (bocaoBO  —^ —  =  8.^),  and  this 
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is  Bomewbat  lighter  even  than  card  No.  4,  which  contains  eig 
portioDB. 

The  same  relation  is  true  as  regards  sonnd.  The  difference 
noise  made  by  the  fall  of  one  shilling  or  of  two  shillings  is  i 
readily  perceived,  nnlesa  we  are  specially  attending  to  it.  Neither 
the  difference  readily  perceived  between  firing  a  38-ton  gun  or  t 
such  guns  from  the  turret  of  an  ironclad,  as  was  provetl  by  t 
evidence  in  the  late  terrible  accident  on  board  the  '  Thiinden 
Here  is  an  apparatus  of  eight  arms  that  may  bo  lifted  in  success 
and  then  let  drop  by  turning  a  cylinder  like  that  of  a  musical  sni 
box.  Each  arm  as  it  falls  makes  the  same  amount  of  noise.  1 
catches  are  so  arranged  on  the  cylinder  that  the  effect  of  turning  i 
to  lift  and  let  drop  first  one  arm,  then  two  arms  simultaneously,  tl 
four,  thou  all  the  eight.  It  will  be  observed  that  the  apparent  lo 
ncss  of  suuud  increases  by  oqnal  intervals,  and  not  at  all  as 
numbers  1,  2,  4,  8. 

Finally,  two  large  revolving  discs  are  exhibited  under  illumi 
tion.  They  are  painted  black  and  white  in  five  concentric  rings,  v 
a  perfectly  black  centre.  In  the  first  of  the  two  discs,  counting  p 
white  as  5,  the  proportions  of  white  t<>  black  in  the  successive  ri 
are  as  1,  2,  3,  4,  5,  thus  forming  an  arithmetical  series.  On  turn 
the  wheel,  the  eyo  utterly  roimdiates  tbo  effect  as  being  that  i 
series  of  c^qually  gradate<l  tints,  and  yet  the  actual  (luantities  of  w 
form  such  a  series.  In  the  second  of  tlio  two  discs,  the  proportion 
white  to  black  in  the  Bucccssivo  rings  follow  Weber's  law,  or  rat 
Uulbieuf  s  modification  of  it ;  the  disc  is,  indeed,  a  rcproductioi 
tliat  described  in  Delbuiuf's  memoir.  On  revolving  it,  the  eyo  at  < 
recognizes  the  effect  of  a  beautifully  exact  gradation  ;  but  in  orde 
show  this  proptTly,  the  illnrainatiou  has  to  bo  very  carefully  odjuE 

These  illustrations  of  Weber's  law  are  submitted  in  order  to  n 
manifest  tho  great  difference  between  the  progressive  increon 
objective  causes  and  that  of  their  corresponding  subjective  effi 
and  to  afford  a  prima  facie  evidence  of  the  small  influence  likel 
bo  exercised  upon  a  generic  mental  image  by  a  repetition  of  sin 
inijiresBions.  I  do  not  venture  as  yet  to  assert  that  tho  law  of  W' 
applies  to  this  caso,  but  the  probability  of  its  doing  so  is  pointed 
and  also  tho  fact  that  tho  true  law,  whatever  it  may  be,  ia  certa 
in  some  sense  analogous  to  that  of  Weber.  According  to  that  la' 
it  reqniretl  a  tenfold  exporienco  or  a  tenfold  period  of  exposur 
produce  a  mental  impression  that  should  contribute  to  tho  composi 
of  a  blended  imago  in  twice  as  largo  a  degree  as  a  single  experi' 
or  a  single  period  of  exposure,  it  would  require  a  hundred 
experience  or  exposure  to  result  in  a  threefold  contribution. 

The  law  of  Weber  has  a  further  application  to  tlio  topics  ni 
consideration.  When  tho  comparison  was  made  a  short  time  ) 
between  the  blended  image  in  the  artist's  brain  and  tho  photogra; 
cdinjiosito,  it  was  stated  that  a  fiftyfold  period  of  exposure  w< 
produce  in  the  latter  case  a  fiftyfold  effect,  in  the  sense  of  Im 
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ent  to  fiftj  layers  of  trausporent  colour.  It  was  not  intended 
if  by  this  that  the  tint  as  ettimaled  hy  the  eye  would  bo  fifty 
•creased  in  depth.  The  law  of  Weber  tells  ua  that  it  would  uut 
thing  like  so  deep  as  that  in  appearance.  Objectively  8])oaking 
li  of  a  photographic  composite  are  correct,  but  subjectively  speak- 
J  are  not.  Henco  there  ar«  three  degrees  of  accuracy,  respec- 
komsponding  to  the  three  processes  of  (1)  numerical  averages, 
pptioal  or  photographic  composites,  and  (3)  of  mental  images. 
wal  averages  are  absolutely  correct  in  every  sense.  Optical 
Dtographic  composites  are  objectively  correct,  but  subjectively 
et.  Mental  images  are  objectively  incorrect,  and  they  aro 
Ively  incorrect  in  a  double  degree.  Supposing  Weber's  law 
pplicable  throughout,  a  white  mark  in  any  one  of  the  portraits 
leave  a  mark  on  the  optical  or  photographic  composite  whose 
U  intensity  would  vary  as  the  logarithm  of  tho  time  of  photo- 
I  exposure,  but  the  intensity  of  the  white  mark  that  it  would 
h  the  mental  composito  would  be  only  as  tho  logarithm  of  that 
bm. 

ID  this  result  is  much  too  leniently  calculated.  It  is  based  on  tho 
Ition  that  the  visualising  power  is  perfect,  the  metnory  absolutely 
^  and  the  attention  perfectly  free  from  bios.  This  is  very  far 
ling  the  case.  Again,  some  of  the  images  iu  every  presumed 
group  are  sore  to  be  aliens  to  the  genus  and  to  have  bocuine 
led  to  the  rest  by  superficial  and  fallociooa  resemblances,  such 
Don  minds  are  especially  attentive  to.  Seeing,  as  wo  easily 
rhat  monstrous  composites  result  from  ill-sorted  combiiia- 
\  portraits,  and  how  much  nicety  of  adjustment  is  required  to 
I  the  truest  possible  generic  image,  wo  cannot  wonder  at  the 
and  frequent  fallacies  in  our  mental  couceptious  and  general 
Bons. 

t  mental  generic  composites  are  rarely  defined  ;  they  havo  that 
I  exoeas  which  photographic  composites  have  in  a  small  degree, 
lir  background  is  crowded  with  faint  and  incongruous  imagery. 
peptional  effects  are  not  overmastered,  as  they  are  in  tho  phuto- 
I  compositee,  by  the  large  bulk  of  ordinary  effects.  Henco,  in 
IBtal  impressions  tax  too  great  weight  is  attached  to  what  is 
I  and  marvellous,  and  oxporienco  shows  that  tho  minds  of 
kt  aaTagea,  and  unodncatod  persons  havo  always  had  that 
Qr.  Experience  warns  us  against  it,  and  the  scientific  man 
kre  to  base  his  conclusions  upon  actual  numbers. 
\  homaa  mind  is  therefore  a  most  impicrfcct  apparatus  for  tho 
lioa  of  general  ideas.  C<imparcd  with  thoso  of  brutus  its 
are  marvellous,  but  for  all  that  they  fall  vastly  short  of  por- 
The  criterion  of  a  perfect  mind  would  lie  in  its  capacity  of 
creattng  images  of  a  truly  generic  kind,  deduced  from  the 
nSB  of  its  past  experiences. 

bnJ  impwwiom  are  never  to  be  trusted.  Unfortunately  when 
I  of  long  standing  thoy  become  fixed  rules  of  life,  and  assume 
U^    (No.  71.)  » 
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a  proscriptiTe  right  not  to  bo  qnestioned.  ConBoqncntly,  tho 
arc  not  accuBtotned  to  original  inquiry  entertain  a  hatred  and  a 
of  RtatiRtics.  They  cannot  tmilure  tlio  idea  of  Hubmitting  their 
impressions  to  culJ-bloodud  verifioation.  Bnt  it  is  the  trim 
Bciontiiic  men  to  rise  superior  to  such  BnperstiUuns,  to  devise  i 
which  the  value  of  Ixdiefs  may  be  ascortainod,  and  to  feel  suffl 
mastc^rs  of  theiOBelves  to  discard  contcmp tuonsly  whatever  t 
found  untrue. 


ANNUAL   MEETING, 

Thursday,  May  1,  1879. 


Thk  Ddzb  or  NoRTHCMBKRi.AND,  D.O.L.  LL.D.  Preside 

in  the  Chair. 


The  Annual  Boport  of  the  Committee  of  Visitfirs  for  tl 
1878,  testifying  to  tho  continued  prosperity  and  efBciont  mana 
of  the  Institution,  was  road  and  adopted,  Tho  Real  and  ] 
Property  now  amonnta  to  nearly  85,000L,  entirely  derived  fr 
Contributions  and  Donations  of  tho  Monibcrs. 

Siity  new  Members  paid  their  Admission  Fees  in  1878. 

Sixty-four  Locturos  and  Nineteen  Friday  Evening  Disconrs 
delivered  in  1878. 

The  Books  and  Pamphlets  presented  in  1878  amounted  tc 
344  volumes,  making,  with  281  volumes  purchased  by  the  Ma 
a  total  of  562  volumes  added  to  the  Library  in  the  year,  czcia 
periodicals. 

Thanks  wore  voted  to  the  President,  Treasurer,  and  Secret 
the  Committees  of  Managers  and  Visitors,  and  to  the  Profeaac 
their  services  to  tho  lui^titutiou  during  the  past  year. 

The  most  cordial  thanks  of  tho  Members  were  given  t 
Grace  the  PnEsiDUNT  for  his  munificent  gift  of  an  Otto's  Silent 
engine  and  a  De  Mcritcns  Magnet-EIcctrio  Machine,  tho  prin 
of  which  were  explained  and  illustrated  by  Pbofessob  Ttnsali>, 
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The  following  Geatlemen  were  onanimooslj  elected  as  Officers 
for  the  ensuing  year  : 

PBMiDBjrr— The   Duke  of  Northumberland,  D.C.L.  LL.D.  the 

Lord  Privy  Seal. 
TE«A«m«»— George  Busk,  Esq.  F.R.C.8.  F.E.8. 
Sbcsctabt— Warren  De  La  Buo,  Esq.  M.A.  D.C.L.  F.B.S. 


Makaokbs. 


lOTCOtt. 
rNtaiek  iowph  Bremwcll,  Eaq.  F.R.S. 
jMcpb  Browo,  t  «q.  Q.C. 
Uwanl    Frukiand,  Em.   D.CL.    Ph.D. 

Sir  Jowph  D.  Hooker,  K.CJS.L  O.B.  D.C.L. 

F.itS.  *c. 
Willitin  Haggiiu,  Esq.  D.C.L.  F.B.S. 
Waiiun  Walkiu  Lloyd,  Esq. 
Sir  W.  Fndcrick  Pollock,  Bart.  Mjk. 
Mm  RB^  M.D.  LL.D. 
TW  Lofd  R<rl«iKh,  M.A.  F.R.S. 
BaUrt  P.  RooHI.  Esq.  MA.  Q.C. 
n*  Lord  Arthur  RusmII,  M.P. 
C  Vrilliun  Siemetu,  E*q.  D.CL.  F.R.S. 
James  Spedding.  Esq. 
William  Spottiswoode,  £*{.  M.A.  D.CL. 

Pre*.  LSI 


YisrroBS. 

Charles  Brooke,  Esq.  M.A.  F.B.S. 

Warren  William  Dc  La  Rue,  Esq. 

William  Utarj  Domvillc,  Esq. 

Jamea  N.  Dooglass,  Esq. 

Edward  Eotield,  Esq. 

Right  Hon.  The  Lard  Claod  Hamilton. 

Franciii  Uird,  Esq.  F.G.S. 

Qeorge  Cargill  Leightoo,  Esq. 

John  Fletcher  MoultoD,  Esq. 

Henry  Pollock,  Esq. 

William  Henry  Preece,  Esq.  MJ.C.E. 

Lochlan  Mackintosh  Rate,  Elsq. 

Basil  Woodd  Smith,  Esq.  F.E.A.3. 

George  Andrew  Spottiswoode,  Esq. 

Edward  Woods,  Em). 


WEEKLY  EVENING  MEETINO, 

Friday,  May  2, 1879. 

WnxiAii  SromswoonB,  Esq.  M.A.  D.C.L.  LL.D.  Pres.E-S. 
Vice-President,  in  the  Chair. 

Pbofusob  Jobs  G.  MoExndbiok,  M.D. 

The  Phftiologieal  Action  of  Ana:»lhetic: 

[Abatamot  defen«d.] 
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GENERAL  MONTHLY  MEETING, 
Monday,  May  5,  1879. 
Bx  BuBK,  £8<i.  F.ILS.  Treasurer  and  Vice-President,  in  the 

Tbe    following    Vioo-Prosidonts    for    tlio    ensuing    yoai 
announced: 

Sir  W.  Frederick  Pollock,  Bart  M.A. 

0.  William  Siemens,  Em\.  D.C.L.  F.R.8. 

William  Sj>ottiBwoode,  Esq.  D.C.L.  LL.D.  Pres.  B.8. 

George  Busk,  Esq.  F.R.S.  Treasurer, 

Warren  De  La  Eue,  Esq.  M.A.  D.C.L.  F.R.S.  Secretary 

JoKH  Ttndall,  Esq.  D.C.L.  LL.D.  F.E.S.  was  re-elected  Pi 
of  Natural  Philosophy. 

The  Peixsents  received  since  the  last  Meeting  wore  laid 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  vi 

fBOK 

The  Lordt  of  the  AdmiraUy — 

Greenwich  Obscrvationa  for  1876.    4to.    1878. 

Meteorological  Obaervutions,  1847-73.    4to.     1878. 

Nine-yeoi  Oatalopie  of  2263  Stars  for  1872.    4to.     1876. 

Cape  ABtronomicol  Observationg,  185'J  and  1875.    2  vols.     8vo.     1874- 
Accadmua  dei  Linoei,  Realty  Uoma — Atti,  Bene  Terza,   Trangunti,  > 

Fasc.  4.     4to.     1879. 
Actwuiti,  ImtUuU  of — Joarnal,  No.  114.     8to.     1879. 
JMiquarin,  Soeiety  o/— ProceediugB,  Vol.  VII.  No.  5.    8to.    1879. 
AtiaUeSoatly,  Boyai— Journal,  New  Series.  Vol.  XI.  No.  2.    8to.     1879, 
Adronomical  Soeiety,  ilouui— Monthly  Notices,  Vol.  XXXI.  No.  5.     8to. 
Briluh  Architect;  Hoyal  Inditule  o/— 1878-9  :  Proceedings,  Noe.  9, 10,  ] 

Transactions,  No.  9.    4to. 
Briliik  Muteum  Tragteet—Ctitalngno  of  Buxls.    Vol.  IV,    8to.    1979. 

Index  of  Minerals.     8vo.     1878. 

Guide  to  first  Vase-Rooina.     8vo.     1879. 
ChemiaU  Society— J oxamai  for  April,  1979.     8vo. 
Editort — .\inerican  Journal  of  Science  for  April,  1879.    8to. 

Analyst  for  April,  1879.    8to. 

AthcDienm  for  April,  1879.    4to. 

Chemical  News  for  Ajiril,  1879.    4to. 

Engineer  for  April,  1879.    fol. 

Horoiogical  Journal  for  April,  1879.    8vo. 

Iron  for  April.  1879.    4to. 

Jijomal  for  Applied  Scicnoo  for  April,  1879.    fol. 

Monthly  Journal  of  Science,  April,  1879. 

Nature  for  April,  1879.    4to. 

Telegraphic  Journal  for  April,  1879.    8vo. 
Franklin  In«ir(u*<!— Journal,  No.  640.    8vo.     1879. 

Geographical  Socidx/,  Jioi/iil!— Proceedings,  New  Series.  Vol.  1.  No.  4,   8vo, 
India  Gtologiccd  Surcey— Records,  Vol.  XII.  Fart  I.    8to.    1879. 
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Jemlaat,  Bet.  Canon  R.  C.  MA.  U.R.I.  {the  Author) — On  some  Popnlar  Emm  in 

rtguA  to  the  SeeoDd  General  Cooncil  and  its  Additions  to  the  Nioeno  Oon- 

fcMion.    (K  103)    8to.     1879. 
linrnmn  ftcMfj/— Journal.  No.  7&    8to.    1879. 
Lmiam  Aapilai— Reports  for  1877.    8vo.     1878. 
Mttkaniral  Bnmneen'  Imtitution — Prooeedings,  1879.    No.  I.     8vo. 
Madiml  and  ChinrtiieiU  &eie<y— Proceedinn,  Part  48.     8to.     1879. 
JUordlngiml  Mtos— Beport  of  Meeting  of  Mstaorologioal  OongreaB  at  Utrecht, 

October,  lff78.    8to.    1879. 
P%ob>grapkie  SoeiXy— Jonmal,  New  Series,  Vol.  III.  No.  7.    8vo.     1879. 
iSrikoim  a.  B.  Eiq.  {.Out  .iu<Aor>— International  CopTrigbt  congiderGd  (K  103) 

8to.    New  York,  1879. 
Mofal  Boeifdf  of  Loiido»— Proceedings,  No.  194.    1 879. 
Sealtitk  Sonttf  of  ArU,  Aoyal— Tranaactiong,  Vol.  IX.  Part  5. :  Vol.  X.  Port  1. 

8to.    1878. 
Aotitye/itfis—Jnnmal  for  April.  1879.    Sto. 
fjNtitlimI  &Mi«fy- Journal.  Vnl.  XLII.  Part  1.    8td.     1879. 
AfmomM,  O.  J. — Aionthl}'  tieteorological  Magazine,  April,  1879.     8vo. 
lU^raaA  Enginfer;  Soeitty  o/— Journal,  Nos.  24,  25.    8to.     1879. 
l\Ma«,  IVa/cHor  R.  V.(Uui  Editor) — Oooley'a  Cyclopiodin  of  Practical  Beceipta. 

Part  li.    8to.    1879. 
UmUtd  Stale*  tfaval  Obtervalory — Astronomical  and  Meteorological  Obaerrationa 

fbr  187S.    4to.    Waahington.  1K78. 
Uni9fr$itf  of  London— CeiBodax  for  1879.     12mo. 
ZockigieM  Soatlf  of  London— Tranactiona,  Vol.  X.  Parts  10,  II.    4to.    1879. 

FroeeedingB,  1878,  Part  4.    8to. 


m  '    air  John  Lubbock 


WEEKLY  EVENING  MEETING. 

Friday,  May  9,  1879. 

H.R.H.  Pbimox  Fbxdkrick  Cbbibtian  or  Sohlxswiq  Holst 
Hon.  M.R.I.  in  the  Chair. 

Bm  John  Lubbook,  Bart.  M.P.  V.P.R.S.  D.C.L.  LL.D.  M.B, 

The  Habitt  of  AnU. 

Mb.  Gbote,  in  his  '  Fragments  on  Ethical  Subjects,'  regards 
an  evident  necessity  that  no  society  can  exist  withont  the  scnl 
of  morality.  "  Everyone,"  he  says,  "  who  has  cither  spok 
written  on  the  subject,  has  agreed  in  considering  this  soutini' 
absolutely  indispensable  to  the  very  existence  of  society.  W 
the  difiFasion  of  a  certain  measure  of  this  feeling  throughout  a 
mcrabers  of  the  social  nnion,  the  cajiricos,  the  desires,  an 
]m8.siuii8  of  eoch  sei)arato  individual  would  render  the  uiaintcna: 
any  established  communion  inipossible.  Positive  morality, 
some  form  or  other,  has  existed  in  every  society  of  which  the 
has  ever  had  experience." 

If  this  bo  so,  the  question  naturally  arises  whether  ants  all 
moral  and  accountable  beings.  They  Lave  their  desires,  their  pos 
even  their  caprices.  The  young  ore  absolutely  helpless.  Thoii 
mnnities  are  sometimes  so  numerous,  that  perhaps  London  and  ] 
are  almost  the  only  human  cities  which  can  compare  is-ith 
Moreover  their  nests  ore  no  mere  collections  of  indepei 
individuals,  nnr  even  temporary  associations  like  the  flocl 
migratory  birds ;  but  organized  commuuities  labtiuring  witl 
utmost  harmony  for  the  cuinmon  good.  The  remarkable  anal 
which  they  present  in  so  many  ways  to  our  human  societies  ri 
them  peculiarly  interesting  to  us,  and  one  cannot  but  long  to  1 
more  of  their  character,  how  the  world  appears  to  them,  and  to 
extent  they  ore  conscious  and  reasonable  beings. 

For  my  own  part  I  cannot  make  use  of  Mr.  Grote's  argue 
because  I  have  elsewhere  attempte<l  to  show  that,  even  as  reg 
man,  the  ease  is  not  by  any  means  clear.  But,  however,  this  maj 
various  observers  have  recorded  in  the  case  of  ants  instance, 
attachment  and  aifection. 

In  various  memoirs,  publiehed  by  the  Linncan  Society,  I  1 
discussed  these  instiinces,  having  reluctantly  come  to  the  conclui 
that  some  of  them  at  any  rate  rest  on  a  very  doubtful  foundation. 
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Yet  I  am  far  from  denying  that  such  cases  do  exist.  For  insiance, 
in  one  of  m  j  neete  of  Formica  futca  was  a  poor  aiit,  which  had  come 
into  the  world  without  aut«nnic.  Not  haviug  previously  met  with 
■oeli  an  indiridoal,  I  watched  her  with  great  interest,  but  she  never 
^peftred  to  leave  the  nest.  At  length  one  day  I  found  her  ivander- 
ing  abijut  outside  in  an  aimless  sort  of  manner,  and  apparently  not 
knowing  hor  way  at  all.  Alter  a  while  she  fell  iu  with  some 
specimens  of  Latius  flatus,  who  directly  attacked  hor.  I  at  once  sot 
BByaelf  to  separate  them,  but  whether  owing  to  the  woumls  t^he  had 
nemved  from  her  enemies,  or  my  rough,  thougli  wcll-moaut,  handling, 
or  both,  she  was  evidently  sorely  wounded,  and  lay  helplessly  on  the 
ground.  After  some  time,  another  F.  fusca  from  her  uuiit  came  by. 
She  examined  the  poor  sufferer  carefully,  then  picked  hor  up  tenderly 
mnd  carried  hor  away  into  the  nest.  It  would  have  been  difScult 
for  aayuue  who  witnesscil  this  scene  to  have  denied  to  this  ant  the 
pq— onrion  of  hnmane  feelings. 

Indeed,  I  have  often  been  surprised  that  in  certain  emergencies,  ants 
render  one  another  so  little  assiistance.  The  tenacity  with  which  they 
retain  their  hold  on  an  enemy  they  have  once  seized,  is  well  known. 
M.  Moeqnerys  oven  assures  us  that  the  Indians  of  Brazil  made  use  of 
tins  qmJitj  in  the  case  of  woonds,  causing  an  amt  to  bite  the  two  lips 
id  the  oat,  and  this  bring  them  close,  after  which  tlie  ant's  head  is 
eat  ofi^  and  thus  holds  the  lips  of  the  wound  together.  He  asserts 
thai  be  hu  often  seen  natives,  with  wounds  in  course  of  healing,  by 
the  aanstanoe  of  a  row  of  seven  or  eight  ants'  heads  t  Kow  I  have 
often  oboerred  that  some  of  my  ants  hod  tlie  heads  of  others  hanging 
oa  to  tlieir  logs  for  a  considerable  time,  and  as  this  must  certainly  bo 
rtrj  ineonwnient,  it  seems  remarkable  that  their  friends  shoidd 
DO*  relieve  them  of  such  an  awkward  encumbrance, 

Aa  mentioned  in  the  previous  lecture,  one  of  my  qnocn  ants 
fJToraiMSi  fusca)  had  a  large  mite  on  the  under  side  of  her  head. 
M*  ooald  not  remove  it,  and  not  ono  of  lior  companions,  fur  more 
iku  tiiroo  months,  performed  this  kind  office  for  hor.  Being  a  queen, 
■ho  aercr  left  the  nest,  and  I  thereforo  had  no  opportunity  of  helping 
hm.  Since  then  I  have  met  with  several  similar  cases.  Moreover, 
I  faftve  often  put  unts,  which  had  become  smeared  with  a  sticky 
e,  on  the  boards  close  to  my  nests,  and  it  was  the  exception 
liMir  oompaiuons  took  any  notice  of  or  sought  to  disentangle 
I ;  tboogh  tooncr  or  later  this  was  generally  done. 
I  have  on  a  previous  occasion  endeavoured  to  give  yon  a  general 
;  of  the  habits  of  ants,  and  I  will  thereforo  now  couiiue  myself 
lo<MtteiB  points. 

Bcfmv  going  farther,  I  think  it  will  perhaps  interest  you  to  soo 
two  or  throe  speciuH  of  ants,  and  with  the  kind  help  of  Professor 
1^3ndaU,  Mr.  Cotlroll.  and  the  electric  lamp,  I  shall  hope  to  bo  able  to 
■bow  joa  aumo  ou  the  screen.  At  the  same  time  I  must  ask  your 
*  *  )moa^  if  they  do  not  behave  as  could  bo  wished,  for  it  is  a  nervous 
■  to  »ffOU  before  a  Itoyal  Institution  audience. 
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The  first  to  which  I  will  call  yoor  attention  are  the  eomnic 
mcoduw  auts — Latitu  fiatnu).  I  ohall  hope  to  show  yon  the  y) 
larrte,  and  the  qnoen ;  at  this  time  of  year  there  are  no  pupn  a 
This  qnecn  was  killed  by  an  accident,  but  the  ants  a]>pear 
not  yet  realized  their  loss.  When  I  prepared  this  nest  fur  tfai 
they  took  jKissossicin  of  it,  it  was  touching  to  see  them  carrj 
poor  dead  quoou.  The  queens  and  males  have  wings,  but  oi 
flight  they  thomsolyos  strip  them  oft". 

The  next  species  is  one  which  I  shall  have  occasion  to  monti 
often — Formica  fmca.  Here  also  you  will  see  that  the  qn 
stripped  off  her  wings. 

In  those  species,  though  the  workers  differ  more  or  less 
they  are  all  alike  in  other  respects ;  but  in  the  next,  which  be 
the  genus  Pheidole,  there  are,  as  you  will  see,  two  distinct  1 
workers.  These  two  sorts,  different  os  they  are,  are  of  the  a 
and  sex,  all  being  females,  and  moreover  sisters,  daughters  of  t 
mother.  The  large-headed  indiyiduols  are  generally  called  s 
but  I  am  not  myself  satisfied  as  to  their  functions.  This  difl 
tiou  of  certain  individuals  is  a  very  remarkable  phenomenon. 
I  now  come  to  the  slave-making  ants.  The  mistresses 
spccice  are  entirely  dependent  on  their  slaves,  and  have  even 
instinct  of  feeding.  If  placed  by  thoniselvos,  they  starve  eve 
midst  of  plenty  ;  but,  as  I  mentioned  in  my  previous  lecture, 
couple  alive  and  well  for  months  by  giving  them  a  slave  for 
every  morning  to  clean  ami  feed  them. 

None  of  our  northoni  ants  store  up  grain,  and  hence  there  ] 
much  discussion  as  to  the  weU-known  passage  of  Solomon, 
however,  now  a  well-establiBhod  fact  that  more  than  one  sp 
South  European  ants  do  collect  seeds  of  various  kinds.  I  lu 
several,  and  have  now  a  nest  of  one  of  these  sjiecies  under  ohat 
The  quantity  of  grain  thus  stored  up  is  sometimes  so  cons 
that  in  the  Mischiia  nilcs  are  laid  down  with  reference  to 
various  commentators,  includtug  the  celebrated  Maimonidi 
discussed  at  length  the  qncstion  whether  such  grain  belonge 
owner  of  the  land,  or  might  bo  taken  by  gleaners — giving  tl 
the  benefit  of  the  doubt :  they  do  not  appear  to  have  oousidc 
rights  of  tho  ants. 

A  Texan  ant,  Pogonomi/mex  harhaltis,  is  also  a  harvesting 
storing  up  especially  tho  groins  of  Aristiila  oliijantha,  the  S' 
"  ant  rice,"  and  of  a  grass,  BncMm  (Jactylotdi-g.  These  ants  clea 
10  or  12  feet  in  diameter,  round  tho  entrance  to  their  nest,  a  ' 
no  small  labour  in  the  rich  soil,  and  under  tho  hot  sun,  of  Te 
say  "  clear  disks,"  but  some,  though  not  all,  of  those  disks  are  oc 
especially  roimd  the  edge,  by  a  growth  of  ant  rice.  Dr.  Lin 
who  fii'st  gave  an  accotnit  of  these  insects,  maintained  not  oni 
tho  ground  was  carefully  cleared  of  all  other  species  of  plan 
that  this  grass  was  intentionally  ciiltivated  by  the  ants.  Mr.  M 
by  whom  the  subject  has  been  recently  studied,  fully  confirn 
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Liaoecmn  that  the  disks  are  kept  carefully  clean,  that  the  ant  rice 
alone  is  permittod  to  grow  on  them,  and  that  the  produce  of  this  crop 
u  Oftrefnlly  harrested  ;  but  he  thinks  that  the  ant  rice  son-s  itself,  and 
is  not  Bctnally  cultivated  by  the  ants.  I  have  myself  observed  in 
Algeria,  that  some  species  of  plants  are  allowed  by  the  ants  to  grow 
on  thair  nests. 

Bnt  though  our  English  ants  do  not  actually  store  up  provisions, 
they  show  a  considerable  amount  of  prudence  and  foresight  in  other 
ways.  If  yon  examine  almost  any  ants'  nest,  you  will  find,  besides  the 
■nts,  s  larger  or  smaller  number  of  other  insects ;  the  quantity  varying 
according  to  the  season,  the  species  of  ant,  and  other  circumstances. 
Of  course  association  in  some  cases  is  purely  accidental  and  without 
significanee.  In  a  large  number  of  instances,  however,  this  is  by  no 
means  the  case,  and  Mr.  Aiidr4  gives  a  list  of  no  less  than  584  species 
of  insects  which  are  habitually  found  in  association  with  ants. 

In  some  of  tlicm  no  doubt  the  bond  of  union  is  merely  the  selecv 
tioo  of  similar  places  of  abode ;  in  some  few  others  the  auts  are  vic- 
timised by  parasites  of  which  they  cannot  rid  themselves.  There  is  for 
instance  a  small  black  fly,  belonging  to  the  genus  Phora,  which  lays 
Imt  eggs  on  ants.  Again  I  have  already  mentioned  the  mites  which 
live  parasitically  on  ants.  Then  there  are  some  insects,  such  as  the 
caterpillar  of  that  beautiful  beetle,  the  rosecbafer,  which  find  a  con- 
genial place  of  residence  among  the  collection  of  bits  of  stick,  &o., 
of  wbidi  certain  species  of  ants  make  their  nests. 

Another  class  of  ant  gnests  are  those  which  reside  actually  in  the 
galleries  and  chambers  of,  and  with,  the  ants,  but  which  the  latter 
nerer  touch.  Of  those  the  commonest  in  England  arc  a  species 
allied  to  Podnra,  for  which  I  have  proposed  the  name  Beckia.  It  is 
an  active  bustling  little  being,  and  I  have  kept  hundreds,  I  may 
■aj  tboosands,  in  my  nests.  They  run  abont  in  and  out  among  tho 
■ali,  kseping  their  antennie  in  a  perpetual  state  of  vibration.  Another 
▼ery  common  species  is  a  sort  of  white  woodlouse,  which  enjoys  tho 
ratbor  long  name  of  Platyarthnu  Boffmanteggii,  It  also  runs  abont, 
and  is  evidently  at  home,  among  tho  ants.  Both  of  these  species  from 
living  constantly  in  the  dark  have  become  blind ;  I  say  "  have 
baoome,"  because  tlioir  ancestors  no  doubt  had  eyes.  Now  in  neither 
of  IbeM  oases  have  I  ever  seen  an  ant  take  the  slightest  notice  of 
mAtK  ot  these  insects.  One  might  almost  imagine  they  hod  tho  cap 
of  nriiibility. 

It  is,  however,  certain  that  tho  ants  intentionally  (if  I  may  so 
asy)  sanction  the  residence  of  these  insects  in  their  nests.  An  nnau- 
thoriaed  interloper  would  be  at  once  killed.  I  have  therefore 
veBtnned  to  suggest  that  these  insects  may  perhaps  act  as  scavengers. 

A  still  more  iutorosting  cose  is  aiforded  by  the  relations  existing 
bstvccn  tho  ants  and  aphides,  which  have  been  justly  colled  the  cows 
of  Um)  ants.     The  latter  secrete  a  sweet  juice  of  which  tho  ants  are 

'  food,  and  the  aula  may  constantly  be  seen  running  up  trees  and 
,  oo  which  the  aphides  live,  in  seaioh  of  this  nutritious  food. 
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TLo  ant  may  bo  soen  to  tap  tho  apbis  gently  with  its  antenna, 
tbo  latter  squeezes  out  a  drop  of  swoct  syrup,  which  tho  ant  gr( 
mcks  up.  Sometimes  the  ants  carry  earth  up  low  plants,  and  bl 
sort  of  shed  over  the  aphides,  which  they  also  defend  from  the  att« 
other  insects.  The  Baltic  amber  contains  among  the  remains  of; 
other  insects  a  species  of  ant  intonuc<liate  between  our  small  l 
garden  ants,  and  the  little  yellow  meadow  ants,  and  which  is  pal 
tho  stock  from  which  these  and  other  allied  species  are  desoe 
One  is  even  tempted  to  suggest  that  the  brown  species  which  b 
much  in  the  open  air.  and  climb  up  trees  and  bushes,  have  ret 
and  even  doe]>ened  their  dark  colour;  while  others,  such  as  2 
flavut,  tho  yellow  meadow  ant,  which  lives  almost  entirely  1 
ground,  has  become  much  paler.  But  though  this  Latiut  flaw 
thus  ceased  to  visit  tho  npliides  above  grounii,  it  has  perha|)8  acq 
its  subterranean  habit  from  Laving  diBcovercd  certain  species  of  n 
gmnnd  aphides,  which  live  on  tho  roots  of  grass,  and  which  tbi 
collect  into  their  nests,  where  these  aphides  abound,  while  thfl 
comparatively  rare  in  the  surrounding  soil.  These  subtera 
aphides,  like  those  which  live  above  ground,  secrete  a  sweet 
whicli  forms  no  small  part  of  tlie  sustenance  of  tho  ants.  The] 
several  species  of  them  in  my  neighbourhood  ;  five  are  very  cont 
The  ants  take  great  care  of  them,  and  if  the  nest  is  disturbed  h 
to  carry  them  away  to  a  place  of  safety. 

Various  other  species  of  insects  are  utilized  by  onts  very  mn 
the  same  manner  as  aphides,  namely,  sorao  species  of  cocois  alii 
tho  cocliiucal  insect,  and  tho  "  scale  "  of  our  greciilionaes,  and  a  na 
of  beetles,  some  of  which,  like  the  Ccckia,  are  perfectly  blind. 

Perhaps  the  most  remarkable  case  of  oil  still  remains  to  be 
tioncd.  Insects  of  this  group  are  known  to  be  utilized  by  an 
tropical  conntrics ;  but  no  such  relation  was  known  to  exist  bet 
our  English  species.  I  found,  liowevor,  in  nests  of  L.  flams  i 
black  eggs  which  were  watched  over  by  the  ants  with  great  care, 
which  eventually  turned  out  to  l>o  tlioso  of  an  aphis.  Now  1 
eggs  are  laid  in  the  autumn ;  they  do  not  hatch  till  the  ent 
February,  or  even  till  May,  and  yet  during  the  whole  of  that 
they  are  tended  by  the  ants.  This  is  pcrba])B,  taking  all  in  all, 
most  strilring  cose  of  prudence  recorded  in  tlio  animal  kingdom. 

I  would  by  no  means  intend  to  imply  that  tho  relations  botv 
ants  and  tho  other  insects  wliich  live  with  them  are  exbausted  by 
above  suggestions.  Ou  tho  contrary,  various  other  rea.souB  may 
imagined  which  may  render  tho  presence  of  those  insects  useful 
agreeable,  to  tho  ants.  For  instance,  they  may  omit  an  odour  wb 
is  pleasant  to  the  ants.  Again,  Mr.  Francis  Gallon  has,  I  thi 
rendered  it  very  probable  that  most  of  our  domestic  animals  were  k 
as  pets  before  tlioy  were  made  of  any  use.  Unlikely  an  tliis  n 
appoAr  in  seme  cases,  for  instance  in  tho  pig,  we  know  as  a  fact  t 
pigs  are  often  kept  by  savages  as  pets.  I  would  not  put  it  forward 
a  suggestion  which  can  be  supported  by  any  solid  reasoning,  but 
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I  not  altogether  impossible  that  some  of  these  tamo  insects  may  be 
kept  as  pets. 

I  bare  alreiidy  mentioned  that  while  Lnsiut  niger,  the  brown  garden 
ant,  habttnally  makes  nse  of  the  oQt-of-d(X)rB  aphides,  the  yellow 
meadow  ant  keeps  the  miderground  kind  ;  but  within  the  limits  of  the 
■Hse  qteciea  there  appear  to  be  coDsiderable  differences.  M.  Lespes 
ewn  oonaidered  that  some  oommnnitios  of  L.  niger  were  more  advanced 
ia  ciTilization  than  others  of  the  same  species.  He  assures  ns  that  if 
be  took  specimens  of  their  domestic  beetles  from  one  nest  and  placed 
liMin  in  another,  always  be  it  understood  of  the  same  species,  the 
bwtles  were  attacked  and  oatc'n.  I  have  not  had  the  opportunity  of 
■vpeating  these  experiments,  bnt  I  have  moved  specimens  of  the  blind 
voodlonse,  Platyarthms,  team  one  nest  to  another,  and  even  from 
neate  of  one  species  to  those  of  another,  and  they  were  always  amicably 
received.  Bnt  whether  there  are  differences  in  advancement  within 
tlifl  limits  of  the  same  species  or  not,  there  are  ccrttkinly  considerable 
dtSlanooee  between  the  different  species,  and  one  may  almost  fancy 
tibat  «e  ean  trace  stages  corresponding  to  the  principal  steps  in  the 
lliBlnrj  of  human  development. 

I  do  not  now  refer  to  slave-making  ante,  which  represent  an 
akaonnal,  or  perhaps  only  a  temporary  state  of  things,  for  slavery 
Mwuia  to  tend  in  ants  as  in  men  to  the  degradation  of  those  by  whom 
it  ia  adopted,  and  it  is  not  im]xi88iblo  that  the  slave-making  species  will 
evcntaallj  find  themselves  unable  to  compete  with  those  which  are  more 
■df-dependent,  and  have  reached  a  higher  phase  of  civilization.  But 
patting  these  slave-making  ants  on  one  side,  we  find  in  the  different 
species  of  ants  different  conditions  of  life,  curiously  answering  to  the 
earlier  stages  of  human  progress.  For  instance,  some  species,  such  as 
Fonmea/u$ea,  live  prioc-ipally  on  the  produce  of  the  chaso  ;  for  though 
litty  feed  partly  on  the  honey-dew  of  aphides,  tliey  have  not  domesticated 

~  r  iasecls.  Them  ants  probably  retain  the  habits  once  common  to  all 
They  resemble  the  lower  races  of  men,  who  subsist  mainly  by 
_  Like  them  they  frequent  woods  and  wilds,  live  in  compara- 
liveiy  small  communitios,  and  the  instincts  of  collective  action  are  but 
little  developv*]  among  them.  They  hunt  singly,  and  their  battles  are 
■iagle  eombato,  like  those  of  Homeric  heroes.  8iioh  species  as  Latin* 
/loiu  lepicsoat  a  distinctly  higher  type  of  stxsial  life ;  they  show  more 
•kill  in  architecture,  may  lit<.<rully  bo  said  to  have  domesticated  certain 
of  aphides,  and  may  be  compared  to  the  pA8t<')ral  stage  of 
progress — to  the  races  which  livo  on  tlie  produce  of  their 
sod  Derds.  Their  communities  are  more  numerous ;  they  act 
man  in  concert ;  their  battles  are  not  mere  single  combats,  but 
t^rj  ksow  how  to  act  in  combination.  I  am  disposed  to  hazard  the 
•Hgeetsre   that  they  will   gnidnally  exterminatt!    the  mere  hunting 

r'as,  jiwt  as  esTages  disappear  before  more  lulvanoed  raoes.    Lastly, 
Bgncoltural    nations    may   be   compared   with    the    harvesting 


Tkoa  liiore  seem  to  bo  three  principal  typos,  offering  a  carious 
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analogy  to  tho  tliroo  great  pbasos — the  hunting,  pastoral,  and 
tnial  stages — in  the  history  of  human  dovclopuient. 

When  I  first  began  keeping  ants,  I  surroandod  the  nests  I 
of  water.     This  acted  well,  bat  tho  wator  required  continually 
ing,  especially,  of  course,  in  summer,  just  when  the  ants  w« 
actiTC.     At  length,  however,  in  considering  the  habits  of  I 
their  relation  to  flowers,  another  plan  suggested  itself  to  m 
hairs  by  which   plants  are  clothed  arc  of  various  forms,  H 
varions  functions ;  one  is,  I  believe,  to  prevent  ants  and  other  i 
inaecta  from  climbing  up  the  plants  bo  as  to  obtiiin  oooeM 
flowers,  and  thus  rob  them  of  their  honey ;  for  though  anil 
■ome  req>eota  very  naeful  to  plants,  they  are  not  wanted 
floweia.    The  great  object  of  tho  beauty,  scent,  and  honey  of 
is  to  Becnre  cross  fertilization ;  but  for  this  purpose  winge* 
•re   almost  necessary,  because  they  fly  readily  from  one   ] 
another,  and  generally  confine  themselves  for  a  certain  tim 
same  species.     Creeping  insects,  on  the  other  hand,  naturall 
MSB  from  one  flower   to  another  on   the  same  plant;    and 
Darwin  has  shown,  it  is  desirable  that  the  pillcn  should  be 
from  a  different  plant  altogether.     Moreover,  when  ants  quit 
they  naturally  creep  up  another  close  by,  without  any  re 
species.     Hence,  even  to  small  flowers,  snch  as  many  crucifei 
positie,  saxifrages,  &c.,  which,  as  far  as  size  is  concerned,  mi) 
be  fertilized  by  ants,  the  visits  of  flying  insects  are  much  mow 
tageouB.     Moreover,  if  larger  flowers  were  visited  by  ants,  i 
would  they  deprive  the  flowers  of  their  honey  without  fulfil] 
useful  function  in  return,  but  they  would  probably  prevent  th 
useful  visits  of  bees.     If  you  touch  an  ant  with  a  needle  or  a 
she  is  almost  sure  to  seize  it  in  her  jaws ;  and  if  bees,  when 
any  particular  plant,  were  liable  to  hove  tho  deUcato  tip  of  th 
boscis  seized  on  by  tho  honey  jaws  of  an  ant,  wo  may  be  si 
such  a  species  of  plant  would  soon  cease  to  bo  visited.     On  tl 
liand,  we  know  how  fond  ants  are  of  honey,  and  how  zealon 
unremittingly  they  search  for  food.     How  is  it  then  that  they 
anticipate  the  bees,  and  secure  the  honey  for  thcmsolves  ? 
guarded  against  in   several   ways.      8ome  plants  are  covere 
glandular  hairs,  which  make  them  bo  sticky  that  nnts  do  not  i 
to  walk  up  them.     Some  are  said  to  bo  so  slippery  that  ants 
do  BO.     Sumo  flowers  are  closed  so  that  ants  cannot  get  int< 
But  tho  commonest  protection,  perhaps,  of  all  is  provided,  as 
mentioned,  by  a  clothing  of  downward-pointing  hairs,  making 
of  chevcuz  de  /rite  which   eflfectually  stops  the  ants.     It  occui 
mo,  therefore,  that  instead  of  water  I  might  use  fur,  arranged  t 
the  hairs  pointed  downwards.      This  I  have  found   to  answe 
fectly,  and  I  mention  it  specially  because  tho  same  orrangemen 
perhaps  bo  found  practically  useful  in  hot  climates. 

When  I  last  had  tbo  honour  of  addressing  yon,  I  men 
various  experiments  which  proved  that  ants  rcmomberod  their  f 
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for  moro  thui  a  year.  Having  Beporated  a  nest  of  F.  futca  into  two 
balTes,  I  put  from  time  to  timo  one  of  the  ants  from  ono  half  into  the 
oilier,  and  in  erory  case  she  was  amicably  received ;  while  Btrangers 
from  another  nest,  although  of  the  same  species,  were  invariably 
•Miaeked. 

It  is  clear,  then,  that  the  ants  recognize  fill  their  fellows  in  tbo 
same  nest,  but  it  is  very  difficult  to  understand  how  this  can  be 
effbctod.  The  neets  vary  very  much  in  size,  but  in  many  species  100,000 
individuals  is  by  no  means  an  unusoal  number,  and  in  some  instances, 
even  this  is  largely  exceeded.  Now,  it  seems  almost  incredible  that 
in  snoh  caaes  every  ant  should  know  every  other  ono  by  sight. 

It  faaa  been  suggested,  in  the  case  of  bees,  that  each  nest  might 
lukve  some  sign  or  password. 

The  whole  subject  is  full  of  difBculty.  It  occurred  to  me,  how- 
crrar,  that  experiments  with  pupee  might  throw  some  light  upon  it. 
AWtWlgh  the  ants  of  every  nest,  say  of  Formica  futca,  are  deadly 
enemiea,  still,  if  larvie  or  pups  from  one  nest  are  tronsfeiTed  to 
another,  they  are  kindly  received,  and  tended  with,  apparently,  as 
Boch  care  as  If  they  really  belonged  to  the  nest.  In  ant  warfare, 
thoogh  sex  is  no  protection,  the  young  are  spared — at  least,  when  they 
belong  to  the  same  species.  Moreover,  though  the  habits  and  dispo- 
sition of  ants  are  greatly  changed  if  they  are  taken  away  from  their 
iMit  and  kept  in  solitary  confinement,  or  only  with  a  few  friends,  still, 
under  snch  circumstances,  they  will  carefully  tend  any  young  which 
amy  be  confided  to  them.  Now,  if  the  recognition  were  effected  by 
mnans  of  some  signal  or  password,  then,  as  it  can  hardly  be  supposed 
Ikat  the  larve  or  pnpe  would  be  sufficiently  intelligent  to  appreciate, 
■tOI  Ibm  to  remember  it,  the  pupto  which  were  entrusted  to  ants 
from  another  nest,  would  have  the  password,  if  any,  of  that  nest, 
and  not  of  the  one  from  which  they  had  been  taken.  Hence,  if  the 
neognition  were  effected  by  some  password  or  sign  with  the  antennie, 
tli^  would  be  amicably  received  in  the  nest  from  which  their  nurses 
kad  been  lakeo,  not  in  their  own. 

I  took,  therefore,  a  number  of  pupie  out  of  somo  of  the  nests  of 
Formica  ftuca  and  Latiut  niger,  and  put  them  in  small  glosses,  some 
vtth  SBta  from  their  own  uost,  somo  with  ants  from  another  nest  of 
ft*  SMM  spedes. 

Tbs  rasolt  of  my  observations  wos  that  thirty-two  ants  belonging 
to  Heimiea  fusea  and  LfOtiut  niger,  removed  from  their  nest  as  pupe, 
■ttaii4sd  by  friends,  and  restored  to  their  own  nest,  were  all  amicably 
fsesivsd.  What  ia  still  more  remarkable,  of  twenty-two  ants  belong- 
ing to  Formiea  fiuea,  remored  as  pnpn,  attended  by  strangers,  and 
Wtsmed  to  their  own  neat,  twenty  were  amicably  received,  though,  in 
mnl  easM,  after  some  hesitation. 

Of  the  same  nomber  of  Latiu*  niger,  developed  in  the  same 

r,  from  pupa  tended  by  strangers  belonging  to  the  same  species, 

rstumad  into  their  own   nest,  seventeen   were  amicably 

■vad.  lime  wen  attacked,  and  about  two  I  felt  doubtful.    On  the 
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•  About  Uim  or  tbew  1  did  not  Cwl  sure. 

I   hope  to  rnnke  farther  experiments  in  this  directioi 
above  results  seem  very  interesting.     They  api)ear  to  ini 
ants  of  the  same  nest  do  not  recognize  one  another  by  any 
On  the  other  hand,  if  ants  are  removed  from  a  nest  in  the  ] 
tended  by  strangers,  and  then  restored,  some  at  least  of  the! 
are  certainly  puzzled,  and  in  many  cases  doubt  their  olu 
fionguinity.     Strangers,  under  the  same  circumstances,  would 
diately  attacked:  uese  ants,  on  the  contrary,  were  in  eve 
eometunes,  however,  only  after  examination, — amicably  n 
the  majority  of  tlio  colony,  though  it  even  then  seemed  as  if 
still  a  few  ants  who  did  not  recognize  them. 

I  had  hopotl  to  have  been  able  to  keep  various  speci 
together,  trusting  that    if  they  were   well    supplied  with 
water   they  would  not  attack   one   another.      In  this  exp 
have  been  disappointed.      My  ants  quite  appreciate  the  i 
of  rectifying  their  frontier,  and  iu  their  case,  as   in   otli 
home,  it  is  ospocially  thu  strong  communities  which  feol  t 
a  scientific  frontier  to  enable  thorn  to  defend   thcmselvcE 
attacks  of  the  weak. 

In  the  construction  of  their  nests  ants  manifest  much 
Thus,  in   one  case  I  established  some  ants  between  two 
glass,   ^  inch    apart,  and  with    three   sides  closed,   bat  t 
open.      This  suited  them  very  well,  but  they  did  not  liki 
much  exposed  ;  accordingly  they  had  recourse  to  a  heap  of  ea 
was  about  three  feet  &om   the  nest,  and  brought    euoug 
^^^»           close  up  the  open  side,  leaving  only  a  small  door.      In  w 
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nnder  obeervstion  siooe  the  year  1874,  and  they  were  at  that  time 
probably  at  least  a  year  old.  They  must,  however,  at  any  rate  be 
DOW  at  least  five  years  did,  and  may  be  more.  As  regards  workers,  I 
hare  also  many  belonging  to  several  species  which  I  have  kept  since 
1875,  and  which  mnst  be  at  least  four  years  old. 

But  thoDgh  they  are  thus  long  lived,  and  proved  very  henlthy  in 
my  nests,  still  sometimes,  and  especially  with  new  noste,  there  was 
a  good  deal  of  mortality  among  thorn.  They  generally  come  out  of 
the  nest  to  die;  bat  if  they  are  from  any  reason  miablo  to  do  so, 
their  companions  bring  the  corpses  ont  of  the  nost  and  carry  them 
off  to  some  little  distance.  Nay,  I  have  even  found  that  they  are 
generally  placed  more  or  less  together,  so  as  to  conistitute  a  sort  of 
bnrial-grunnd. 

It  is  remarkable  that  notwithstanding  the  labours  of  so  many 
excellent  observers,  and  though  ants  swarm  in  every  field  and  every 
wood,  we  did  not  till  lately  know  how  their  nests  commence. 

Three  principal  modes  have  been  suggested  :  after  the  marriage 
flight,  the  young  qneen  may  either — 

1.  Join  her  own,  or  some  other  old  nest ; 

2.  Associate  herself  with  a  certain  number  of  workers,  and  with 
ttcir  aasistancc  commence  a  new  nost ;  or 

S.  Found  a  new  nost  by  herself. 

As  aome  neets  continue  to  flourish  for  many  years,  the  first  case 
vaA  be  frequent,  though  I  am  not  aware  that  any  observations  with 
wtoicnce  to  it  are  on  record.  Whether  the  other  two  occur,  con,  of 
eoane,  only  be  settled  by  observation,  and  the  experiments  made  to 
determine  it  have  hitherto  been  indecisive.  Blonchard,  indeed,  in  his 
work  on  the  '  Metamorphoses  of  Insects '  ( I  quote  from  Dr.  Duncan's 
translation,  p.  205),  says,  "  Huber  observed  a  solitary  female  go  down 
into  a  small  underground  hole,  take  off  her  own  wings,  and  become, 
M  it  wore,  a  worker :  then  she  constructed  a  small  nest,  laid  a  few 
eggs,  and  brought  up  the  larvn  by  acting  as  mother  and  nurse  at  the 
■Bwtime." 

Thia,  however,  is  not  quite  a  correct  version  of  what  Huber  says. 
Hi*  words  are:  "  I  enclosed  several  foinnlcs  in  a  nest  of  light  humid 
earth,  with  which  they  constructed  lodges,  where  they  resided :  some 
singly,  others  in  common.  They  laid  their  eggs  and  took  great 
eare  of  them:  and  notwithstanding  the  inconvenience  of  not  being 
•hie  to  rary  the  temperature  of  their  habitation,  they  reared  some, 
wUck  became  larvn  of  a  tolerable  size,  but  which  soon  perished 
6mb  tb«  eflects  of  my  own  negligence." 

It  will  be  ofaaerved  that  it  was  the  eggs — not  the  lorvoD —which, 
Moording  to  Huber,  these  isolated  females  reared.  It  is  true  that  he 
■Itribatos  the  early  and  nuifonu  death  of  the  larvHi  to  his  own  nogli- 
■Miee ;  bat  the  fact  remains,  that  in  none  of  his  observations  did  an 
■nhlwl  fomale  bring  her  offspring  to  maturity.  Forel  even  thought 
Uaaalf  joatified  in  concluding,  from  his  own  observations  and  thoso 
of  Ebmrd,  that  such  a  iaci  could  not  occur.   Lepolotior  do  St.  Fargcan 
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was  of  opinion  that  ants'  nests  originate  in  the  second  mode  indi( 
aboTo,  and  it  is  indeed  far  from  improbable  that  this  may  occur, 
clear  case  has,  however,  yet  been  observed. 

Under  these  circumstances,  I  mode  various  experiments,  in  oi 
if  possible,  to  solve  the  question.  For  instance,  I  tix)k  an  old  ft 
queen  from  a  nest  of  Lasius  flacu$,  and  put  her  to  anotlicr  nest  oi 
same  spocics.  The  workers  became  very  excited,  and  killed  bei 
repeated  the  experiment,  with  the  same  result,  more  than  once. 

I  coucludo<l  then  that,  at  any  rate  in  the  case  of  Lasius  flavut 
workers  would  not  adopt  an  old  queen  from  another  nest. 

The  following  instance,  however,  shows  that  whether  or  not 
nests  sometimes  originate  in  the  two  former  mwlos  or  not,  at  any 
in  some  cases  isolated  queen  ants  are  capabio  of  giving  origin 
new  commnnity.  On  the  14th  August,  1876,  I  isolatod  two  i>ai 
Mjfrmira  rui/inodi'*,  which  I  fouud  flying  in  my  garden.  1  pi 
them  with  damp  earth,  food  and  water,  and  they  continued  perf 
healthy  through  the  winter.  The  first  eggs  were  laid  between 
12th  and  23rd  of  April. 

They  began  to  hatch  tho  first  week  in  June ;  the  first  turned 
chrysalis  on  tho  27th,  and  emerged  as  a  perfect  insect  on  tho  ! 
July.  Others  fuUowud  shortly  afterwards,  and  this  experiment  pi 
thereforo  that  the  queens  of  this  species,  at  any  rate,  have  the  ins 
of  bringing  up  larvro,  and  consequently  the  power  of  founding 
communities. 

Amongst  other  experimonta  to  test  the  affection  of  ants  fox 
another,  I  tried  the  following.  I  took  six  ants  from  a  nest  of  For 
fusca,  imprisoned  them  in  a  small  bottle,  one  end  of  which  was  left  ( 
but  covered  by  a  layer  of  muslin.  I  then  put  the  bottle  closo  t< 
door  of  the  neat.  The  muslin  was  of  open  texture,  the  meshes,  how 
being  sufficiently  iino  to  prevent  the  ants  from  escaping.  They  c 
not  only  bog  one  another,  but  communicate  freely  with  their  ante 
We  now  watched  to  see  whether  the  prisoners  would  be  tended  o; 
by  their  friends.  Wo  could  not,  however,  observe  that  tho 
notice  was  taken  of  them.  The  experiment,  nevertheless,  was 
conclusive  than  could  bo  wished,  because  they  might  have  boon  fi 
night,  or  at  some  time  when  we  were  not  looking.  It  struck 
therefore,  that  it  would  be  interesting  to  treat  some  strangers  als 
tho  same  manner. 

Now  some  critics  have  objected  to  my  ciperimonts  (always,  1 1 
admit,  in  tho  fairest  and  most  friendly  spirit)  that  my  ants  may  1 
been  stupid  ants,  and  that  the  ciporimouts  being  in  many  c 
(though  by  no  means  in  all)  made  on  captive  nests,  were  on 
account  also  Bcarccly  fair  to  tho  ants.  Indeed,  I  have  mysolf  a 
cipated  and  pointed  out  this  objectiou.  I  am  disposed  to  believe  I 
in  wanner  countries  tho  ants  are  more  highly  developed,  as  every 
knows  ia  the  case  with  reference  to  numbers,  than  in  our  comparativ 
cold  regions.  Again,  much  allowance  mnst  certainly  be  made  for 
fact  of  tho  ants  being  in  captivity.     However,  I  have  always 
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deaTonred  bo  to  doviso  my  crpcriments  that  thoy  might  be  tested  and 
tepe«tod  under  other  conditions  and  with  other  epocies.  Now  as 
teguds  the  one  jost  mentioned,  it  may  bo  said,  "  Oh,  but  these  ants 
'  were  under  very  onnatuml  conditions.  In  their  native  hannts  they 
would  never  find  their  friends  imprisoned  in  a  glass  bottle  fastened 
up  with  muslin."  That  is  of  course  true ;  but  then  it  occurred  to  me 
<  to  try  the  experiment  with  strangers. 

I  put,  therefore,  two  ants  from  one  of  my  nests  of  F.  fxuca  into  a 

bottle,  the  end  of  which  was  tied  up  with  mnslin  as  described,  and 

'  laid  it  down  close  to  the  nest.   In  a  second  bottle  I  put  two  other  ants 

I  from   another  nest  of  the  same  species.     The  ants  which  were  at 

liberty  took  no   notice  of  the   bottle   containing   their   imprisoned 

I  friends.    The  strangers  in  the  other  bottle,  on  the  contrary,  excited 

them  oonsiderahly.     The  whole  day  one,  two,  or  more  ants  stood 

Motry,  as  it  were,  over  the  bottle.     In  the  evening  no  less  than 

twelve  wore  collected  round  it,  a  larger  number  than  usually  came 

tint  of  the  nest  at  any  one  time.     The  whole  of  the  next  two  days,  in 

the  aame  way,  there  were  more  or  less  ants  round  the  bottle  containing 

the  strangers,  while,  as  far  as  we  could  see,  no  notice  whatever  was 

taken  of  the  friends.     On  the  9th  the  ants  bad  eatou  through  the 

mnslin  and  effected  an  entrance,  when  the  strangers  were  at  once 

attacked,  while,  on  the  other  hand,  the  friends  throughout  were  quite 

Mgloctod. 

[         It  would  appear,  therefore,  that  in  these  curious  little  oroaturos 

I  iMtred  is  stronger  than  love. 

I         These  observations  seemed  to  me  snffioient  to  test  the  behavionr 

of  the  ants   belonging  to  this  nest  under  these  circumstances.     I 

thoo^t  it  desirable,  however,  to  try  other  communities.     I  selected, 

Ihanlani,  two  other  nests.     One  behaved  jnst  like  the  preceding. 

Th*  other  was  a  community  of  Polyer<ju»  ni/escen»,  with  nnmerons 

davw.     Close  to  where  the  ants  of  this  nest  came  to  feed  I  placed  as 

bsfioro  two  small  bottles,  closed  in  the  some  way,  one  containing  two 

I    alav*  anis  from  the  nest,  the  other  two  strangers.   Thcso  ants,  however, 

I    bahaved  qnite  nnUke  the  preceding,  for  they  took  no  notice  of  either 

I    koltlA,  and  showed  no  sign  either  of  affection  or  hatred.     Is  not  one 

■    lamptod  to  surmise  that  the  warlike  spirit  of  these  ants  was  broken 

hyalaveiy? 

In  the  provions  lecture  I  mentioned  that  I  was  never  able  to 
mtiatr  myself  that  ants  heard  any  sounds  which  I  could  pnxluce.  I 
woold  not,  however,  by  any  means  infer  from  this  that  they  are 
laoapabla  of  hearing. 

Mieromegaa,  indeed,  the  gigantic  inhabitant  of  Sirius,  conclodcd 
that  sa  ha  houd  no  sonud,  men  did  not  speak  ;  moreover,  Voltaire  nmkcs 
Ub  aak,  ''How  is  it  possible  that  such  infinitesimal  atoms  as  men 
dhouH  bava  organs  of  voice  ?  and  what  could  thi<y  have  to  say  ?  To 
■Bsak,"  ha  continocs,  "  it  is  necessary  to  think,  or  nearly  so  :  now  to 
lUBk  roqaires  a  mind,  and  to  uttributo  a  mind  to  thcso  little 
awaloi  Cii  would  be  alwurd."  We  must  be  careful  not  to  fall  into  a 
Xou  l\.    (No.  71,)  0 


similar  series  of  errors.  It  is  far  from  improbable  that  ants 
produce  sonnds  outircly  beyond  onr  range  of  hearing.  Indeed, 
not  impossible  that  insects  may  possess  a  sense,  or  rather,  per 
sensstiona,  of  wliich  we  can  no  more  form  an  idea  than  we  si 
hare  been  able  to  conoeiTe  red  or  green  hod  the  hnman  race 
blind.  Holmholtz  and  Deprctz  have  shown  that  the  human  e 
sensitive  to  vibrations  reaching  to  38,000  in  a  second.  The  sons 
of  red  is  produced  when  470  millions  of  niilliuns  of  vibratio 
ether  enter  the  eye  in  a  similar  time ;  bat  between  38,000  am 
millions  of  millions,  vibrations  produce  on  us  the  sensation  of 
only.  We  have  no  special  organs  of  sense  adapted  to  them,  but 
is  no  reason  in  the  nature  of  things  why  this  vhould  be  the  case 
other  animals,  and  the  problematical  organs  possessed  by  many  i 
lower  forms  favour  the  suggestion.  If  any  apparatus  cou] 
devised  by  which  the  number  of  vibrntions  proilucod  by  any 
cause  could  bo  lowered  so  as  to  be  brought  within  the  range  0 
ears,  it  is  probable  that  the  result  would  be  most  interesting. 

I  have  tried  unsuccessfully  various  experiments  in  order  to  i 
tain  whether  the  ants  themselves  produced  any  sounds  for  the  pt 
of  conveying  signs  or  ideas. 

Professor  Tyndall  was  good  enough  to  arrange  for  me  one  ( 
sensitive  flames,  but  I  could  not  perceive  that  it  responded  ii 
way  to  my  ants.  The  experiment  was  not,  however,  very  satisfa 
as  I  was  not  able  to  try  the  flame  with  a  very  active  nest.  Pro 
Bell  was  also  good  enough  to  sot  up  for  me  an  extremely  sen 
microphone  ;  it  was  attached  to  the  under  side  of  one  of  my  nest 
though  we  could  distinctly  ho&r  the  ants  walking  about,  we  coul 
perceive  any  other  sound. 

It  is,  however,  of  course  possible,  as  I  have  already  sugg 
that  ants  may  be  sensitive  to,  and  also  themselves  produce,  » 
which,  from  the  rapidity  of  their  vibrations,  or  from  some  other  ( 
are  beyond  our  range  of  hearing. 

Having  failed,  however,  in  hearing  them  or  making  them  he« 
I  endeavoured  to  ascertain  whether  they  could  hear  one  another, 
detennine,  if  possible  whether  thoy  have  the  power  of  snmmonin 
another  by  sound,  I  tried  the  following  eiperimentjj.  I  put  o 
the  board  where  one  of  my  nests  of  Lnsiiu  Jiavut  was  usually  fe 
small  pillars  of  wood  about  an  inch  aud  a  half  high,  and  on  c 
them  I  put  some  honey.  A  number  of  ants  were  wandering  abo 
the  board  in  search  of  food,  and  the  nest  itself  was  about  12  ii 
from  the  board.  I  then  put  three  ants  to  the  honey,  and  when 
had  sufficiently  fed  I  imprisoned  her  and  put  another;  thus  al 
keeping  throe  ants  at  the  honey,  but  not  allowing  them  to  go  t 
If,  then,  thoy  could  summon  their  friends  by  sound,  there  ought 
to  have  Iwen  many  ants  at  the  honey.     The  results  were  as  follow 

Wo  began  to  watch  at  11,  and  up  to  3  in  the  afternoon  only  8 
ants  had  found  their  way  to  the  honey,  which  was  about  as  mat 
ran  up  the  other  pillars.    The  arrival  of  those  seven,  therefore, 
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not  more  than  wonid  naturally  have  resulted  from  the  number  of  ants 
mnning  abont.  Wo  then,  at  3,  allowed  the  ants  which  were  feeding 
to  return  to  the  ne«t.  In  less  tlian  half  an  hour  after  this  eleven 
ckine,  and  in  tlio  following  half  hour  no  less  than  forty-three.  So 
thAt  in  the  first  four  hours  only  seven  came,  while  in  less  than  an  hoar 
■iter  the  first  was  allowed  to  return  to  the  nest,  no  less  than  fifty-four 


Again,  on  September  30th,  I  tried  the  same  arrangement,  beginning 
kt  II ;  up  to  3  .80,  seven  ants  came.  We  then  let  them  go.  From 
S.30  to  4.30,  twenty-eight  came.  From  4.30  to  6,  fifty-one  came. 
Thna,  in  four  hours  and  a  half  only  seven  came ;  while  when  they 
were  allowed  to  return,  no  less  than  seventy-nine  came  in  an  hour  and 
ft  half. 

I  tried  this  experiment  several  times  more,  and  always  with 
rosolts.  It  seems  obvious,  therefore,  that,  in  three  cases  at 
,  no  communication  was  transmitted  by  sound. 

I  will  now  endeavour  to  show  you  one  or  two  microscopical  pre- 
pftr^tions,  merely  to  give  you  a  very  slight  idea  how  beautiful  and 
eotnplcs  the  anatomical  stracturo  of  an  aut  is.  Hero  is  a  longitudinal 
■eetion  of  a  queen  ant. 

Sir  John  then  proceeded  to  describe  the  principal  points  : — 
The  organs  of  vision  of  ants  aro  generally  well  developed  and 
ooospicuons.  There  arc  usually  three  simple  eyes,  or  ocelli,  arranged 
in  a  triangle  on  top  of  the  head,  and  on  each  side  a  largo  compound 
eye.  These  compound  eyes  are  very  complex  organs,  but  the  mode  in 
which  they  act  is  by  no  means  understood.  They  consist  of  a  number 
of  facets,  varying  from  1-5  in  Ponera  contraeta,  to  more  than  1000 
ia  efteh  eye — as,  for  instance,  in  the  males  of  F.  prafetmit.  In  fact, 
dMH^  ao  &r  fortonato,  insects  realize  the  wish  of  the  poet — 

"  Tbon  lookest  on  the  stars,  my  love, 
Ah,  would  tliBt  I  could  bu 
Yon  aUrry  iikic«,  with  thousand  eyes 
That  I  might  look  on  tboc." 

Bat  if  the  male  of  F.pratensis  sees  1000  queens  at  once,  even  when 
onlj  imo  is  really  present,  this  would  seem  to  be  a  bewildering  privi- 
k^  and  the  prevailing  opinion  among  entomologists  is  that  each 
beet  only  lakea  in  a  jwrtiou  of  the  object. 

From  tbe  obeervations  of  Sprcngcl,  there  could,  of  course,  be 
little,  if  any,  donbt,  that  beos  aro  capable  of  distinguishing  colours : 
bvt  I  haw,  in  my  previous  lecture,  recorded  some  experiments  which 
pat  thf!  matter  beyond  a  donbt.  Under  these  circumstances,  I  was 
natarally  anxious  to  ascertain  if  possible,  whether  the  samo  is  the 
OMc  with  ants.  I  have,  however,  experienced  more  difficulty  in  doing 
■o,  beeaaae  ants  find  their  food  bo  much  more  by  smell  than  by  sight. 

I  tried,  for  instance,  placing  foo<I  at  the  bottom  of  a  pillar  of 
eoloorDd  pepcr,  and  then  moving  both  the  pillar  and  the  food.  The 
liUer,  hxntvnt,  did  not  eeem  to  help  the  ant  at  all  to  find  her  way  to 
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tho  food.  I  then  placed  the  food  on  top  of  a  rod  of 
high,  in  fact  a  pencil,  and  when  tho  ant  know  her  woy  pcrfiai) 
to  tho  food,  so  that  she  went  qnite  straight  backwards  and  I 
to  the  nest,  I  found  that  if  I  moved  tho  pillar  of  wuud  only  I 
the  ant  was  quite  bewildered,  and  woudored  about  backwa 
forwards,  round  and  round,  and  at  lost  only  found  the  pillar  a 
ally  as  it  were. 

Under  these  circnmstanoes,  I  oonld  not  apply  to  ants  th( 
which  had  been  used  in  the  case  of  bees.  At  length,  hon 
occurred  to  me  that  1  might  utilize  tho  dislike  which  ants, 
their  nests,  have  to  light.  Of  course,  they  have  no  such  feelii 
they  are  out  in  search  of  food :  but  if  light  be  let  in  upt 
neets,  they  at  onoe  hurry  about  in  search  of  tho  darkest  corn 
there  they  all  congregate.  If,  for  instance,  I  nncovercd  oni 
nests,  and  then  placed  an  opaipio  subetimce  over  one  purtion,  \ 
invariably  collected  in  tho  shaded  part. 

I  pri>cnro<l,  therefore,  four  stnps  of  glass,  similar,  but  * 
respectively  green,  yellow,  rod,  ond  blue,  or,  rather,  violet 
yellow  was  i^imcwhat  jialcr  in  ebado,  and  that  glass  cona( 
moro  transparent  than  tho  green,  which,  again,  was  rather  moi 
parent  than  tho  rod  or  violet.  I  then  lai<l  tlio  strips  of  glasi 
of  my  nests  of  Formica  fugca,  containing  uIkjuI  170  ants,  Tb 
as  1  knew  by  previous  observations,  seek  darkness,  and  wo 
taiuly  collect  under  any  opaque  substance.  I  then,  after  coun 
ants  under  each  strip,  moved  the  colours  grodually  at  intc 
about  half  an  hour,  so  that  each  should  by  turns  cover  tho  same 
of  the  nest.  Tho  results  were  as  follows — the  nniiibers  in 
tho  approximate  nnuibers  of  ants  under  each  glass  (there  wei 
times  a  few  not  under  any  of  tho  strips  of  glass) : — • 


1. 

Green 
50 

Yellow 
40 

R«J 

Violet 
0 

2. 

Violet 
0 

Green 
20 

YoUow 
40 

R«t 
100 

3. 

Bo<l 
60 

Violet 
0 

Qreea 

50 

Yellow 
50 

4. 

Yellow 
50 

Rod 

Violet 
I 

Orocn 
40 

5. 

Green 
30 

Yellow 
30 

Rod 

100 

Violet 
1 

6. 

Violet 
0 

Grcon 
14 

Yellow 
5 

Bed 
HO 

7. 

Red 

SO 

Violet 
0 

Green 
40 

Yellow 
70 

8. 

YeUow 
40 

Red 
50 

Violet 
1 

Green 
70 
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tiroen 


Yellow 


Rod 


Violet 


10. 


12. 


GO 

35 

05 

0 

Violul 

Orvea 

Yollow 

Red 

1 

SO 

40 

70 

Rc-d 

Violet 

Oreen 

Yellow 

50 

2 

50 

60 

Yollow 

Bed 

Violet 

Green 

35 

58 

0 

70 

Avoingc  Rod  over  70,  Green  48,  Yellow  45,  Violet  \. 

Adding  thcso  nnmbora  together,  there  wore,  in  the  twelve  observa- 
tiona,  under  the  red  890,  niidcr  the  greou  544,  under  the  yellow  495, 
and  ander  the  riolet  only  5.  The  cose  of  the  violet  gloss  is  most 
marked.  To  oar  eyes  the  violet  was  as  opaque  as  tbo  red,  more  so 
than  the  green,  and  much  more  so  than  the  yollow,  yet,  as  the 
unmbers  show,  the  ants  had  scarcely  any  tendency  to  congregate 
mider  it.  There  were  nearly  as  many  nudur  the  same  area  of  the 
■noovared  portion  of  the  nest  as  under  that  shaded  by  the  violet 


I  also  experimented  in  the  same  way  with  a  nest  of  Formica  fusca, 
in  which  there  wore  some  chrysalises.  These  chrysalises  were 
generally  collected  into  a  single  heap.  I  used  glasses  coloured  dark 
yellow,  dark  green,  light  yollow,  light  green,  red,  viulot,  and  dark 
par]do.  The  colours  were  always  in  the  same  order,  but  the  places 
«r«t«  shifted  after  each  obsorvatiun.  To  my  eye  the  purple  was 
afancMt  black,  the  violet  and  dark  green  very  dark  and  almost  opaque; 
Hm  pnrple  could  bo  dimly  soon  tlirough  the  red,  ratiior  mure  clearly 
thrcHigh  the  dark  yellow,  while  the  light  yellow  and  light  green  were 
■Imr^rt  transi>arcnt.  The  purple  were  in  tifte^>ii  ubscrvntious  six  times 
plaeed  under  the  dark  green,  throe  under  dark  yellow,  four  under 
dark  red,  once  each  under  light  yellow  and  light  green,  but  not  once 
nnder  the  violet  or  purple.  In  another  exj>erimeut  the  purple  wore 
piand  MTem  times  under  the  red,  sis  under  the  dark  yollow,  oovor 

■ay  of  the  other  colours.     The  same  experiment  triul  with 
apeciee — Lasius  niijer — gave  very  similar  results;  the  purple 

|ilMed  in  forty  cx]<erimeut8,  nineteen  times  under  the  dark 
jdlow,  sixtocu  under  the  rod,  five  under  the  green.  In  some  snb- 
Mqnont  experiments  the  green  and  yellow  seemed  to  be  decidedly 
fvcferrod  to  the  red. 

It  is  curious  that  the  coloured  glasses  appear  to  act  on  the  ants 
(tprakiiig  roughly)  as  they  would,  or,  I  should  rather  say,  inversely 
■■  they  would  on  a  photograjdiio  plate.  It  might  oven  be  alleged 
that  the  avui<lauce  of  the  violet  glass  by  the  ants  was  duo  to  tho 
*•>"*■''■*>  rays  which  are  transmitted.  From  the  habits  of  thcso 
ianoli  such  an  ox|dauati<in  was  very  improbable.  If,  however,  tho 
inftnaoo  for  tho  other  coloured  glasses  to  tho  violet  was  duo  to  tho 
triTtimmr"'",  and  not  to  the  absorption  of  rays,  that  is  to  say,  if 
thm  Bala  went  uuder  tho  gruou  and  red  rather  than  the  violet,  bojaoso 
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the  green  and  rod  troDsmittod  rays  w}iich  were  agreeable  to  the 
and  which  the  violet  gloss,  on  the  contrary,  stopped,  then,  if  the 
was  placed  over  the  other  colours,  they  would  beisome  as  distaste 
the  ants  as  the  violet  itself.  On  the  contrary,  however,  whetht 
violet  glass  was  placed  over  the  others  or  not,  the  ants  equally  n 
took  shelter  under  them.  Obviously,  therefore,  the  ants  avoi 
Tiolet  glass  because  they  dislike  the  rays  which  it  transmits. 

Mr.  Busk  suggoBtod  that  as  the  red  glass  stops  the  chcmica 
more  effectually  Uian  the  yellow  or  green,  while  the  violet  is 
transparent  to  them,  and  as  the  ants  appear  to  prefer  the  red  gl 
the  yellow  or  green,  and  these,  again,  to  the  violet,  possibl 
explanation  might  be  that  the  chemical  rays  were  peculiarl; 
tasteful  to  them.  To  test  this,  therefore,  I  made  some  eiperi 
with  fluorescent  li(juids,  which  Mr.  Hanbury  was  kind  euou 
procure  for  mo.  I  poured  them  into  shallow  glass  colls,  abou 
an  inch  deep,  which  I  put,  as  before,  over  the  onta.  If  now  thej 
affected  maiidy  by  the  chemical  rays,  it  must  appear  to  thorn 
dark  under  these  solutions.  This,  however,  was  not  the  cose. 
solutions  seemod  to  make  no  difference  to  them.  I  also  tricil  qi 
and  uranium  glass  with  the  same  effect.  I  conclude  therefon 
the  ants  are  affected  by  the  true  light  rays. 

It  is  obvious  that  these  facts  suggest  a  number  of  inter 
inforeacoa,  I  must,  however,  repeat  the  obsorvations  and 
others ;  but  we  may  at  least,  I  think,  conclude  from  the  prec 
that :  (1)  ants  have  the  power  of  distinguishing  colour ;  (2 
they  are  very  sensitive  to  violet  light ;  and  it  would  also  see 
that  their  sensatious  of  colour  must  be  very  different  from 
produced  upon  us. 

But  though  it  is  thus,  I  think,  safficiontly  evident  that  an 
differently  affected  by  different  colours,  it  by  no  means  followi 
they  should  see  them  oe  we  do.     It  is,  indeed,  most  remarknbl 
little  we  yet  know  with  reference  to  their  real  nature,  or  how  i 
herself  appears  to  them.     Wliat  actual  impressions  do  eolourt 
them  ?     What  are  the  limits  of  thoir  vision,  how  far,  and  ho^ 
tinctly  can  they  boo  ;  can  they  hear  any  sounds,  or  do  thoy  li 
everhisting  silence  ?     Have  they  senses  with  reference  to  whi< 
have  as  yet  no  knowledge  ?     Lost,  but  not  least,  how  far  are  thoy 
exquisite  automatons ;   how  far  ore  thoy  ceusctona  beings  ?     "" 
wo  BOO  an  ant-hill,  tenanted  by  thousands  of  industrious  iubabi 
excavating  chambers,  forming  tunnels,  malriiig  roads,  guarding 
home,  gathering  food,  feeding   the   yo;ing,  tending   their  don 
animals,  each  one  fulfilling  its  duties  industriously,  and  without 
fusion,  it  is  difficult  altogether  to  deny  to  them  the  gift  of  rot 
and  yet  it  is  perhaps  wiser  to  admit  that  the  whole  question  is  bi 
mystery. 

[J.  I 
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raofaaM  at  m  roumomic  WBOot,  Binu  or  ammm  or  nuiics. 

The  Optical  Study  of  the  Elasticity  cf  Solid  Bodies. 

Pbklimimabt  Remarks. 

Au.  solid  bodies  utilized  in  Bcientifio  and  indaatrial  applications  are 
more  or  less  elastic :  and  it  is  very  important,  in  a  procticil  as  well 
M  a  theoretical  point  of  view,  to  be  able  to  predict  the  dcfummtions 
dae  to  given  forces,  or,  convorsely,  to  know  the  forces  which  corre- 
ipood  to  given  deformationa. 

Vatbematical  Calculation  enables  us  to  solve  both  problems  for 
ertxj  description  of  form  and  of  force  in  all  their  details,  provided 
Aat  it  borrows  from  experience  certain  results  obtained  in  very 
ample  cues. 

Homogaucnu  and  Isotropic  Bodies. 

Ab  elastic  bar  urged  by  external  tmction  forces  extends  itself 
along  its  largest  dimensions  (longitudinal  extension):  at  the  samo 
time,  by  the  natural  play  of  internal  forces,  its  transversal  dimensions 
diminish  (transversal  contraction). 

[Illustration  of  this  general  fact  with  an  indiarubber  bar.] 

In  order  to  calculate  all  the  circumstances  of  deformation  of  an 
tJastic  isotropic  body,  whatever  may  be  its  shape  and  acting  forces, 
it  is  sufficient  to  know  the  rate  of  longitudinal  extension  (modulus  of 
slsstMsty),  and  its  ratio  to  the  transversal  contraction. 

FsrMW  epimans  amongst  the  Physicists  upon  the  value  of  this  Ratio. 

A  eeosidersble  number  of  physicists  (Caguiard-Latour,  Wcrthoim, 
Prof.  Kirchhofl^  Dr.  Everett,  &c.)  have  made  a  series  of  experiments 
OB  nkrioas  sapposod  isotropic  bodies. 

The  qnsftiao.  a  Tory  important  one  in  a  theoretical  point  of  view, 
is  to  know  if  this  ratio  is  a  variable  one  according  to  the  nature  of 


the  Bubetanco,  or  an  invariablo  one,  and  eqnol  to  ^  as  givo: 
Navior's  and  Green's  theories. 

Double  difficulty.  1.  Is  the  body  really  homogoneons  i 
tropic  ? 

Tho  metals  ore  always  annealed  or  crystallized :  homi 
glass  is  one  of  the  bodies  approaching  nearest  to  theoretical  ii 

2.  The  transversal  contraction  is  extremely  small. 

Necessity  of  using  any  indirect  mudo  of  deformation  to  d> 
accurately  the  transversal  contraction. 

Mode  of  ExperimeiU :  Circular  Flexion  of  a  Rectangular  j 

Tho  upper  surface,  primitively  plane,  becoming  onrvod  \ 
opposite  curvatures  (and  not  cylindrical,  as  commonly  sappoS' 
a  borne  mddle.     The  ratio  of  tho  main  radii  of  curvature  is,  » 
to  a   theorem   duo   to  Mr.  De   Bt.  Venant,   procieoly  tbo 
question. 

[Illustratiou  of  this  general  fact  with  an  Ludiarubber  pis 

OrTiOAi,  Methods  fob  TKSTraa  the  DEFoaMATioN  or  thx  , 
or  Elastic  Bodiks. 

1.  VarieUion  of  Focus  of  a  Beam  of  Light  Reflected  from  the  1 
Surface  of  the  Elastic  Body. 

3.   Use  of  the  Neaton's  Coloitred  Rings. 

Newton's  rings  are  produced  by  illnnnuttting  with  white 
monochromatic  liglit  the  thin  film  of  air  compriBed  botweei 
surface  and  tho  exterior  surface  of  the  olnstio  body. 

Extreme  sensitiveness  of  this  method,  according  to  th 
diflorcuce  of  thickness,  corresponding  to  the  successive  rings, 

Tho  linos  of  cfjual  intensity  of  the  rings  ci>rrespond  to  tho 
cfiniil  thickness  of  tho  film  of  air.  The  successive  rings  correi 
a  difierence  of  thickness  of  about  ^  of  a  thousandth  of  a  miliu 
huudrod  thousandth  of  an  inch). 

If  the  fixed  surface  is  a  plane  one,  tbo  appearance  of  tho 
exactly  tho  tcqntgraphic  map  of  tho  deformed  surface,  of  wl 
mule  of  flevatioa  is  the  HmaU  length  above  defined. 

In  a  Buudl  part  of  tho  field,  tho  rings  coincide,  in  form,  wi 
aeotiiine,  cciuooiitric  with  tlie  ifidieairix  nirce  of  Ch.  Dupin. 

Illustration  of  various  forms  of  Newton's  rings — circular, 
LyjwrlRilic — with  monochromatic  light  (sodium  vapour  in  eJ 
arc). 

Optical  Method  of  Tealiwj  the  CirctUur  Flejcion. 

A  piece  of  jdntc-glnss  is  used.  The  Nowtnu'ji  rings, 
fluxion,  more  or  loss  regular  Recording  to  tho  i)crfootiou  of 
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by  increasing  forces,  more  and  more  regular,  and  take  tho 
fonn  of  conjngatc  hyperbolas,  tho  osca  of  which  being  parallel  and 
perpeutlicular  to  tho  main  dimension  of  the  rod. 

The  trigonometrical  tangent  of  the  serai  angle  of  the  common 
■symptote  oonTergos  towards  the  value  ^  ;  therefore,  the  ratio  of  the 
cnnrntores,  and  conseqaently  the  ratio  in  question,  is  ^  with  the  best 
isotropic  body. 

The  theoretical  solntion  of  the  problem  Bcems  to  be  in  fuvonr 
of  Narier's  and  Green's  theories. 

Oeneralily  of  the  Optical  Method. 

Application  to  tho  torsion  of  a  rectangular  plate. 

The  shape  of  the  deformed  surface  becomes  a  hyperbolic  para- 
boloid ;  but  the  asymptotes  of  tho  hyperbola  (and  not  tho  axis,  as 
before)  are  parallel  and  perpendicular  to  the  main  dimension  of  the 
lodL 

Fixing  of  the  Newton's  Bing*  by  Photography. 

In  order  to  study  at  leisure,  and  with  accuracy,  tho  topographic 
mrfoft*  of  clastic  deformation,  it  is  very  convenient  to  keep  an  exact 
and  fixed  imago  of  tho  field. 

The  induction  sjiark  between  two  poles  of  magnesium  sopplies  a 
■onroe  of  light  which  fulfils  the  throe  neoeseaiy  conditions— to  be 
intcnae,  photographic,  and  monochromatic. 

Amongst  tho  bright  linos  of  the  magnesium  spectrum  none  ia 
tseful  for  that  purpose ;  the  radiation  utilized  as  a  source  of  photo- 
graphic light  is  invisible,  but  becomes  visible  when  projected  on 
Priif.  Stokes's  flooresccut  screen. 

Tlwiugh  tho  phot«)graphy  uf  the  Newton's  rings  bo  a  delicate 
opcrmtioD,  the  expcrimeut  will  be  tried  before  tho  nudicuco. 

Newton's  rings  wore  phutograjihed  for  the  first  time  by  tho 
illutrions  Dr.  Toong  at  the  Royal  Institution  in  the  year  1803. 
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Multiple  Tdegraphi/. 

Mant  of  you,  in  your  rural  nunhlcs,  may,  during  a  moment  of  I 
tion  or  thonglttlcEisncBS,  while  standing  on  the  parapet  of  a  : 
bridge,  have  dropped  a  stone  into  the  rirer  flowing  gently  belon 
have  noticed  the  rings  of  waves  projecting  outwards  in  over  incre 
circloe.  If  at  the  same  moment  a  hungry  fish,  in  his  desire  to  ei 
a  natural  craving,  should  dart  or  snatch  at  a  fly  on  the  surface  o 
water,  n  second  scries  of  riugs  of  waves  would  be  produced,  ai 
such  a  case  a  careful  observer  would  notice  that  where  crest  of 
meets  crest  of  wave  there  is  a  higher  crest  formed,  and  where  hi 
meets  hollow  a  deeper  hollow  is  formed.  This  super-position  of 
on  wave  is  called  interforonco,  and  the  uiterfereuce  of  uiiduln 
plays  a  most  im^tortaut  jtart  in  the  phenomena  of  sound,  of  light 
of  electricity. 

In  electricity,  wave  upon  wave  can  be  super-imposed,  eithi 
waves  flowing  in  the  same  direction  or  in  waves  flowing  in  opp 
directions.  The  usual  indication  of  the  presence  of  electric  wav 
either  by  the  attraction  of  a  magnet  or  by  the  deflection  of  a  neec 

Hero  is  a  needle  that  is  subjected  to  deflection  by  the  possa; 
BUeh  waves  of  electricity.     I  send  a  current  of  jwailivo  elcctr 
tlirough   the  wire  surroiuiding   the  magnet  to  which  this  noeA. 
attached,  and   you   see   I    get  a  certain   deflection ;  I   increase 
strength  of  that  wave   by  sujxjr-imposing   another  wave,  and 
see   I    increase   the   amount  of  the   deflection.     In   the  same  i 
if  I  reverse  the  direction  of  tho  current  and  send  a  negative  curr 
I  get  a  wave  of  a  certain  strength,  and  if  I  double  the  strength  of 
current  1  got  a  stronger  deflection.     But  if,  instead  of  super-impo* 
ouo  wave  on  the  other  in  the  same  direction,  I  send  ono  wave  in 
direction    and   the  other   wave   in   tho   opposite   direction,   wo 
neutrality.     This  neutrality  is   a   phenomenon   corresponding  V' 
much  to  silence  in  sound  or  to  darkness  in  light. 

Advantage  is  taken  of  this  neutrality  in  duplex  and  quodrup 
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Uilegraphy,  in  a  way  which  I  will  now  show  to  you.  It  is  nsiinlly 
imAgiiied  by  thoso  who  think  of  duplex  tclograpby  that  Hometbing 
CTOMoo  or  pnonnn  in  tho  same  way  that  railway  trains  pass  or  cross 
e*di  other.  It  is  nut  at  all  necessary  to  conceive  that  anything 
vhaterer  puses.  For  instance,  here  I  have  some  glass  balls  placed 
in  a  row  between  two  parallel  wooden  rods.  If  I  take  tho  ball  at  one 
cod,  say  No.  1,  a  short  distance  from  its  normal  position,  and  drive  it 
along  tbe  ruds  back  again,  you  will  notice  that  a  something,  a  form  of 
foroe,  pasees  through  the  other  balls,  and  the  one  at  the  far  end  is  by 
thim  doTeloped  motion  forced  a  distance  away  from  its  neighbonrs. 
The  aune  thing  occurs  if  I  take  No.  12,  as  No.  1  is  then  displaced  by 
dte  ooDOassion.  This  resultant  motion  represents,  and  may  bo  called  a 
lelognphic  signal.  If  I  am  skilful  enough  to  take  No.  1  and  No.  12, 
and  let  them  return  together,  wo  shall  see  that  they  ore  both  driven 
back  simoltanoously,  tho  intervening  balls  remain  nndistnrbod,  and 
two  such  signals  will  be  made.  It  is  this  latter  phenometiun  that 
I  wish  yon  to  bear  in  mind  as  being  analogous  to  tho  priuciplo  used 
in  duplex  telegraphy. 

The  next  fact  that  I  wish  to  impress  upon  yon  is  that  if  a  current 
of  deetridty  have  many  paths  open  to  it,  it  will  always  separate  or 
mpread  itself  among  those  paths  in  inverse  proportion  to  the  resistance 
which  each  opposes  to  its  progress.  Tho  greater  tlie  resistance,  the 
smaller  the  current ;  tho  less  tho  resistance,  the  greater  the  cnrrent. 

If  we  have  two  paths  or  lines  open  to  a  current,  and  these  two  lines 
be  of  exactly  equal  resistance,  the  current  will  divide  itself  between 
them  in  exactly  equal  proportions. 

The  next  point,  almost  as  self-evident  as  tho  previous  one,  bnt 
which  time  will  not  allow  me  to  illustrate  by  experiment,  is  that  the 
aagaitndo  of  the  magnetism  produced  in  the  electro-magnet  is  simply 
fcoportioual  to  the  strength  of  current  passed  through  that  magnet. 

The  last  elementary  fact  I  have  to  bring  before  you  is  that  the 
polarity  or  direction  of  the  magnetism  simply  depends  upon  the  direc- 
tioD  of  the  current. 

On  tho  wall  I  have  two  electro-magnets  connected  with  each 
Olhcr  by  moans  of  a  wire.  Around  each  oro  coiled  two  wires  of 
enctly  equal  length  and  equal  resistance.  If  I  send  a  current 
Ihioa^  one  of  the  wires  I  produce  a  deflection  in  one  direction; 
if  I  eand  a  current  through  the  other  wire  I  got  a  deflection  in  the 
OMOeilB  direction.  Tou  can  imagine  that  one  of  those  magnets  is  in 
Bki^lton  and  the  other  in  London,  with  the  connecting  lino  wire 
betweoD  tliem.  I  want  to  arrange  matters  so  that  when  I  mako  a 
signal  at  Brighton  I  shall  not  in  any  way  affect  my  own  instrument, 
and  to  do  so  I  divide  my  current  in  halves  ;  one  half  goes  through 
tae  wire  of  the  magnet,  and  tends  to  deflect  the  needle  in  one  diroc* 
lieii,  and  the  other  half  goes  through  tho  other  wire  of  the  magnet, 
wHh  a  tendency  to  throw  the  needle  in  tho  opposite  direction.  If  by 
an  arrangement,  snch  as  an  artificial  lino,  I  miiko  thc<8e  two  halTM 
•actly  Ofjaal,  then  no  deflection  uf  my  uucdlc  takes  place ;  though  at 


tbo  B«mo  time  I  inflacnoo  Brigbton'g  nccdlo.    This  giyes  ns  th 
principle  of  (lu[ilex  tolognipliy.    Of  course,  with  a  eimilar  arrang 
at  Brighton,  on  tbo  key  at  that  end  being  dcprcsiscd  the  needle 
romaiuB  nnafft<ctod,  while  at  the  snnie  time  the  ncc<llc  nt  this  < 
deflected.     When,  however,  under  these  conditions,  enrrents  art 
from  both  instnunonts,  signals  or  deflections  are  noticed  at  each  st 
By  using  resistance  we  are  able  to  make  an  artificial  line  att 
to  the  second  wire  of  the  electro-magnet  exactly  equal  to  the  lim 
attached  to  the  other  wire  of  the  electro-magnet.   I  have  in  a  bo 
reuBtanco  equal  to  three  or  four  hundred  miles  of  line.     Besista 
meusarod  in  ohms,  an  ohm  being  a  unit  used  by  electricians,  and 
reproBcuts  about  a  yard  of  fine  platinum  mrc,  or  about  one-tent! 
mile  of  ordinary  iron  wire.     The  resistance  contained  in  this 
divided  into  quantities  ranging  from  one  to  two  tlioutiand  ohm 
portion  of  which  can  be  brought  into  use  by  simply  tailing  out 
represotiting  the  amount  required.     With  this  rctady  means  at 
you  will  easily  comprehend  the  facility  with  which  a  balance  a 
adju-stcd,  aud  the  opposition  to  the  two  halves  of  the  current  pt 
through  the  electro-magnet  be  made  equal.     Wliatovor  the  distJa 
the  lino,  whether  between  hero  and  the  Central  Tclogmiih  Static 
between  hero  and  Calcutta,  or  any  distant  place  to  which  you  c 
to  exert  your  imagination,  the  olfect  is  just  the  same.     To  shoT 
this  system  in  actual  working  I  have  hero  instruments  joined  to  i 
which  passes  through  the  streets  to  the  Central  Telegraph  Stati 
the  city.    It  is  just  as  easy  for  us  to  connect  n  wire  up  iu  actui»l  t 
tion  as  to  have  assistants  secreted  in  the  ndjcu'niug  room,  which  is 
times  supposed  to  be  the  cose.     I  must  first  i.>f  all  explain  to  yoi 
telegraphic  signals  are  interpreted  into  ordinary  language.     It 
means  of  what  is  known  as  the  Morse  alphabet,  which  cousii 
combinations  of  dota  and  dashes  uswl  to  represent  the  ordinary  It 
A  dot  aud  a  divsh,  for  instance,  represents  a,  a  dash  and  three 
ropresonts  b,  dush  dot  dash  dot  c,  aud  so  on  throughout  tbo  alpl 
A  dot  itself  is  reprcsontod  on  the  instrument  before  us  by  a 
sound  or  boat,  aud  a  dash  by  a  longer  one.    The  sounds  caused  b 
signals  appeal  to  the  con8eioii>iUfBa  through  the  car,  aud  arc  trans 
into  the  proper  language.     {The  central  istation  was  called  up,  t 
message  was  sent  to  him  at  the  same  time  that  one  was  being  rec 
from  him,  in  illustratiou  of  dujdoi  working.) 

Tho  operation  which  you  have  just  seen  going  on  exactly  o 
epouds  with  that  which  I  just  described  to  you.  Tbo  division  oi 
current  is  aritiuged  at  each  end  by  tho  use  of  a  resistance  bo 
"  rheostat,"  and  tho  signals  are  sent  vri thout  any  interruption  beti 
tho  cine  tind  tho  other. 

Tho  duplex  system  of  telegraphy  ia  employed  to  a  very  L 
extent  iu  this  country,  no  less  than  320  circuits  lx>ing  so  fittetl. 
system  is  applicable  to  long  and  short  lines,  and  even  long  cabloi 
tliu  Hal  Scu,  Indian  Ocean,  and  nci-o&s  the  Atlantic  (in  one  case  2 
miles  long),  have  been  successfully  so  fitted. 
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Its  application  enables  really  more  than  double  the  anionnt  of 
work  being  done  to  that  which  the  wire  (if  an  ordinary  laud  lino) 
woold  perform  when  working  singly.  This  arises  from  tlio  fact  that 
no  intermption  ensuoB  from  repetitions  being  required  or  qnostions 
uked.  but  the  mesMgea  pass  in  a  continuous  stream  in  opposito 
directions  almost  without  let  or  hindrance. 

I  would  just  mention  another  fact  in  answer  to  any  who  are 
mrprised  at  errors  taking  place  in  the  transmission  of  messages.  Tho 
■ignals  representing  certain  letters  ore  very  similar,  and  it  is  very 
easy  for  a  faint  dot  to  be  missed  or  a  short  dash  to  bo  misinterpreted 
for  a  dot,  and  as  the  difference  between  the  letter  I  (represented  by  a 
dash)  and  r  (represented  by  a  dot,  dash,  dot)  is  simply  two  dots,  you 
will  not  be  surprised  that  a  message,  informing  some  friends  of  tho 
•jTiTal  of  a  party  of  ladies,  "  all  riglit,"  was  delivered  as,  "  all  tight." 
And,  Again,  a  friend  of  mine  in  Manchester,  whoso  wife  wished  to 
inform  him  that  tho  "  rash  was  all  gone,"  was  astonished  to  receive  an 
tntimation  that  the  "  cash  was  all  gone."  Many  of  those  errors  are 
■iniplj  due  to  the  failure  of  a  dot  or  the  shortness  or  breaking  of  a 
itaiif  nnd  the  wonder  is  tliat  with  more  than  one  hundred  million 
BMMtgea  which  are  despatched  every  year  in  this  country  the  pcr- 
ornitugn  of  errors  is  not  greater  than  the  small  amount  it  is.  I  hope 
tlmt,  nflcr  the  practical  illustration  you  have  just  had  of  the  extreme 
enre  and  exactitude  which  is  attendant  on  the  accurate  receipt  of 
Bgnala,  yon  will  deal  lightly  with  errors  of  conversion  of  words  such 
■•  «  rash  "  into  "  cash,"  "  right "  into  "  tight,"  &o. 

So  £ftr  as  regards  duplex  telegraphy. 

We  have  now  to  deal  with  another  class,  and  that  is  called  diplex 
Itlcignphy.  Duplex  telegraphy  means  sending  two  messages  in 
oppoaite  directions  at  tho  same  time ;  diplex  means  sending  two 
■MMBgea  at  tho  same  time  in  the  same  direction.  I  have  here  two 
little  instmments  which  give  out  their  signals  in  musical  tones,  and  I 
bave  also  two  keys  attached  to  a  battery  in  connection  with  them. 
Tliere  is  only  one  wire  between  them.  If  I  press  down,  say,  key  No.  1 
I  call  np  the  sounder  which  emits  a  deep  tone;  if  I  press  down  key 
Na  2  I  obtain  a  response  from  the  sounder  with  a  tone  an  octavo 
higher.  If  I  press  both  keys  down  at  tlio  same  time  both  soanden 
MMwer,  and  whichever  key  is  depressed  it  is  always  answered  by  its 
moper  sounder.  This  power  of  sending  two  signals  or  messages  at 
the  Mine  time  in  the  same  direction  is  called  diplex  telegraphy. 

It  is  difficult  to  cx)ilain  how  this  is  performed  without  the  aid  of 
n  diagram,  and  it  really  requires  some  amount  of  courage  to  attempt 
te  fiiat.  Currents  of  electricity  are  developed  in  two  ways ;  they 
ttflhr  in  the  direction  in  which  they  flow  and  also  in  their  strength. 

The  key  on  my  right  hand  simply  reverses  tho  direction  in  which 
the  currents  flow  every  time  it  is  depressed ;  the  other  key  sim}dy 
tncwwuMi  the  strength  of  the  current  flowing,  whatever  may  bo  its 
direetifm.  Tho  relay  here  employed,  which  ia  connected  to  the  deep- 
reapondfl  to  a  reyorsal  of  tho  current  whatever  its 
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strength  maj  be,  and  the  other  relay,  which  is  connected  to  the 
Bounder,  responds  to  the  increased  strength  of  the  current  whatev 
direction  may  be ;  bo  that  on  depressing  the  key  which  royersC 
current  the  deep-toncd  sounder  responds ;  ond  if  I  lonch  the 
key  I  simply  make  the  light  sounder  gpcak  by  increasing  the  stn 
of  that  current.  (Mr.  Preece  here  very  minutely  traced  the  did 
currents  from  the  battery  through  key  and  relay  to  sounder,  so 
produce  sounds  by  currents,  vBrjring  in  either  direction  or  stre 
and  acting  upon  one  or  both  sounders  at  the  same  time,  or  sopai 
at  will.)  The  increase  of  current  is  brought  into  action  by  met 
the  one  key  having  attached  to  it  a  greater  proportion  of  cells  ( 
battery.  i 

That  is  diplex  telegraphy. 

How  is  this  diplex  used  for  qumlruplox  working?     I  sliowet 
in  duplex  working  that  we  simply  split  the  current  in  two  paths 
exactly  equal  to  each  other.     It  mutters  not  whether  we  have  oi 
ony  number  of  relays  in.     Theoretically,  it  is  possible  to  insert  a 
number  of  relays,  but  practically  only  two  are  used ;  and  in  quodn 
working  we  simply  duplex  what  I  have  called  the  diplex  arrange] 
On  one  cud  of  the  table  before  you  we  have  two  sides  of  the  quadru 
or  one  diplex ;  and  on  the  other  end  of  the  table  we  have  the  i 
side  of  the  quadruplex  which  also  works  diplex,  and  by  this  appa 
wo  are  able  to  send  four  messages  at  the  some  time  on  the  single 
which  you  sco  goes  from  the  table  to  the  wall,  and  so  proceeds  t 
Central  Telegraph  Station.     (The  various  courses  of  the  currenh 
adjustmouts  of    balance    necessary,   chiefly   owing   to   variatioi 
temperature,  &c.,  were  here   described,  but   without   the  aid 
diagram  it  would  bo  next  to  impossible  to  follow  them.)     The  syi 
althongh  difficult  in  description,  is  really  wonderfully  and  beauti 
simple,  and  if  it  were  only  requisite  to  follow  out  what  I  have 
said,  quadruplex  working  would  bo  a  very  easy  matter  indeed, 
there  is  such  a  thing  in  England  as  a  climate,  and  there  aL 
imfortunatoly  such  a  thing  as  rain,  and  raiu  intoi-fores  very  cons 
ably  with  the  action  of  our  daplcx  and  quadruplex  working, 
word,  the  effect  of  rain  is  precisely  the  same  as  reducing  the  la 
of  our   line.     Supposing   wo   have   a  wire   between   Liverpool 
London,  about  200  miles  long,  then  when  we  Lave  rain  it  coven 
insulators  with   moisture,  and    the  moistened   insulators  allow 
ciirront  to  escape  to  earth,  and  the  result  is  just  the  same  as  tho 
the  line  itself  were  reduced  iu  length ;  and  to  componsate  for  th 
is  necessary  to  take  out  resistance  equal  to  the  loss.     But  by  mt 
of  tho  rheostat  it  is  not  a  very  diflicult  matter  to  odjust  a  balauco, 
by  carefully  noting  and  watching  storms  of  rain,  snow,  sleet,  or  i 
ond  mist,  which  aro  so  troublesome  to  tho  working,  a  clerk  has  sim 
to  vary  his  rheostat,  and  can  so  maintain  working  on  wires  of  ordim 
length. 

When  we  come  to  very  long  lengths  of  wire  the  weather  ilistu. 
once  interferes  very  much. 
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There  is  another  disturbance  besides  that  produced  by  rain  or 
i.ther,  and  that  is  one  duo  to  the  existence  in  a  telegraphic  lino  of 
what  is  called  electrostatic  induction.  This  is  a  very  bard  word,  bat 
it  really  means  something  similar  to  the  effect  of  friction  in  pipes  on 
the  flow  of  water  or  gas.  When  gas  or  water  is  forced  through  pipes, 
a  qoaatity  of  it  adheres  to  the  sides,  and  produces  a  diminution  of 
prearoro  dao  to  friction.  So,  when  we  try  to  force  electricity  through 
a  wire,  a  quantity  of  it  adheres,  as  it  were,  to  the  sides  of  the  wire, 
remains  there  as  a  charge,  and  diminishes  the  action  of  the  current, 
■ad  produces  what  is  called  retardation  in  signals.  Eetardation 
BteaoB  really  reducing  the  rate  at  which  we  work.  If  it  is  possible, 
My,  between  London  and  Aberdeen  to  work  as  fast  as  ever  we  like, 
then  if  we  attempt  to  work  over  a  submarine  cable  of  equal  length  the 
qwed  diminishes  very  greatly  indeed.  Between  London  and  Cork,  and 
between  London  and  Aberdeen  wo  are  at  the  present  moment  working 
practically  as  fast  as  the  instruments  will  run,  at  the  rate  of  about 
150  words  a  minnte,  while  through  the  Atlantic  cable,  with  all  their 
skill,  they  cannot  work  at  more  than  twenty-five  words  a  minute,  and 
tfaia  ia  due  to  the  disturbing  element  of  electrostatic  induction.  To 
ooBpensate  for  this  it  is  necessary  to  make  your  artificial  line  exactly 
•imilar  in  all  respects  to  your  real  line,  and,  with  duplex  circuits,  this 
is  done  by  inserting,  in  addition  to  the  rheostat,  a  condenser.  A 
fiMtf»'««^  is  simply  a  series  of  leaves  of  tinfoil  separated  by  paraffined 
p^er.  A  series  of  alternate  pamffined  popers  and  tinfoil  really 
Mnpriae  a  Leyden  jar,  and  such  a  Leyden  jar  would  have  the  capacity 
cf  retaining  a  charge  similar  to  that  retained  by  the  lino ;  and  it  is 
only  ueconasry  to  increase  the  size  of  the  condenser  until  the  same 
eleetnwfaitic  capacity  in  it  is  obtained  as  is  experienced  in  the  line 
itself.  Hero  is  a  condenser  which  has  not  the  appearance  of  being  a 
yttj  formidable  instrument,  but  it  has  sufficient  electrostatic  capacity 
to  oompensate  for  a  line  about  200  miles  long. 

We  will  now  work  the  qnadruplex  apimratus  before  yon.  I  do 
aot  hope  to  have  made  yon  comprehend  the  action  of  the  system ;  I 
odIj  hope  that  I  have  given  yon  an  idea  which  you  can  work  out  for 
ToimMjTes,  and  which  will  give  you  more  interest  in  seeing  the  system 
IB  actoal  operation. 

^Communication  was  then  opened  with  the  Central  Telegraph 
fttifhtm.  and  several  messages  wore  sent  to  and  from  tho  Institution 
ca  tlw  qnsdruplex  apparatus.) 

Xaay  people  are  suspicious  of  operations  of  this  kind  going  on  at 
Isetorea.  I  may  tell  yon  that  a  few  years  ago  I  gave  a  lecture  at 
Boatbafflplon,  and  took  special  care  to  have  a  wire  joined  through 
1  to  the  Continent  (wo  only  bod  one  cable  at  that  time),  and  at 
proper  period  of  tho  evening  epoko  to  London,  Vicuna,  Berlin, 
1  Amstiyiisiii.  and  received  answers.  I  then  askod  what  time  it 
I  in  Vienna  (it  was  nine  o'clock  in  Sonthampton),  and  received 
"lyfvaij  minutes  past  eight."  This  was  wrong,  and  it 
out   that  a  clerk    in    Lomlon    had    bocn    personating   the 
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Continental  places,  and  knowing  that  tborc  woe  forty  minutes'  d 
enoe  in  the  time  ho  put  it  on  the  wrong  side  1 

Wo  have  in  England  at  the  present  moment  six  circuits  w( 
with  the  qnadruplox  system.  In  America  the  system  is  carriei 
to  a  much  larger  extent,  and  sixty-three  wires  are  fitted  with  i< 
over  these  sixty-throe  circuits  no  less  than  eight  million  message 
transmitted  annually. 

The  question  may  arise  in  your  minds  as  to  why  the  quadr 
ap])anitus  is  not  used  as  extensively  in  this  country  as  in  Am 
and  the  answer  would  bo  that  in  this  country  we  have  not  the 
necessity  for  it.  We  have  apparatus  in  use  superior  to  the  qui 
plei.  I  mean  the  Whcatstt>no  automatic,  an  instrument  whicl 
in  its  early  stage  brought  before  an  audience  of  this  Institution 
enables  us  to  transmit  incssages  and  news  with  enormous  rap: 
and  makes  us  qoito  indepoudont  of  any  of  those  supposed  advi 
inTentions. 

What  has  transpired  before  you  this  oyening  is  simply  one  o 
innmuernble  nppliciitions  of  electricity  that  are  now  daily  in  use 
it  really  makes  iia  regard  with  wonder  what  science  is  doing  fc 
What  you  hove  just  seen  feir  exceeds  the  dream  of  the  wi 
Rlchcmist,  and  the  most  imaginative  necromancer  never  could 
OoncoiTod  the  iwssibility  of  four  persons  talking  to  each  other  « 
some  time  separated  by  a  distance  of  200  miles ;  but  when  wo  i 
Nature  in  her  strongholds  it  is  astonishing  to  find  how  easily  e 
mastered,  how  simple  are  the  means  by  which  she  veils  her  set 
and  how  rude  are  the  weapons  she  places  in  our  hands  to  pre 
before  you  these  wonders. 

[W.  H.  P.] 


r 


r 


1879.] 


Mr.  Grant  Allen  on  Ike  Oolour-Sfnte  in  In*ect». 


201 


He  I 


WEEKLY  EVENING  MEETINO, 
Friday,  May  30,  1879. 

SK  BtJSK,  Esq.  F.E.fl.  Treasurer  and  Vico-ProBident, 
in  the  Chair. 

Graitt  Allkn,  Esq. 

Tke  CoUmT-Sen$e  in  IntecU :  its  Development  and  Beaction.' 

Thx  lecturer  began  by  pointing  ont  the  probable  absence  of  all  bright- 

ooloared  flowers  and  insects  in  the  world  whoso  fauna  and  flora  hare 

preaerred  to  ns  by  the   primary  rocks.     Hence  it  might  be 

~  that  no  animals  then  possessed  a  oolonr-sonse,  because  there 

I  few  or  no  coloured  objects  upon  which  it  could  be  exercised. 

traced  the  development  of  c^jlour-porception  in  insects  to  the 

Igradnal  growth  of  cntomophilous  flowers.     All  parts  of  plants  in 

■  which  oxidation  is  taking  place  are  liable  to  display  brilliant  pig- 

MHits  other  than  green  ;  and  this  is  especially  the  case  in  the  ncigh- 

bosrhood  of  the  floral  organs.     Flowers  which  exhibited  this  tendency 

IB  a  high  degree  would  attract  the  eyes  of  insects,  and  so  gain  easier 

fertllisatioo.     While,  conversely,  insects   whioli  were  able   to  dis- 

k«rinunate  such  patches  of  colour  to  the  greatest  extent,  would  best 

T.^iaoorer  the  pollen  and  honey.     Thus  nnsccut  colour  in  flowers  and 

PMoent  oolonr^ense  in  insects  would  dcvelope  side  by  side,  till 

raached  their  present  high  point  of  perfection. 

But  not  only  would  a  power  to  discriminate  different  hues  arise 

in  the  process  of  evolution  :  a  taste  for  bright  tints  would  also  spring 

«p  ia  the  insect  consciousness.     This  taste  exerts  itself  actively  in 

Im  praCerence  for  beautiful  mates,  which  is  especially  visible  amongst 

fmrar^iMinting  insects.     The  lopidoptera  exhibit  the  brightest  hues 

of  all,  while  the  rose-chafers,  the  anthophilous  diptora,  and  the  other 

tribsa  of  like  habit,  rank  next  to  them  in  beauty  of  colouration. 

The  lecturer  combated  the  idea  that  such  selective  preference 

'  1  the  Cacnlties  of  insects,  and  showed  that  various  other  facts 

op  to  a  similar  conclusion.     Certain  species  and  genera  were 

~  by  Muller's  observations  to  posseaa  greater  nsthetio  aensibility 


*  Baa  the  Lecturer'!  work  'The  CoIoaT.8eiiae :  its  Origin  and  DevelopmanL 
A«  t^^J  io  Comptntire  Piycbology.'    Triibner  &  Ca    1879. 
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than  others ;  and  tho  facta  of  mimicry  givo  good  evidence  that  inw 
notico  comparatively  minute  distinctious  of  colour,  form,  and  oi 
mental  markings.  The  spots  and  lines  on  entomopliilous  flow 
which  act  as  honey-guides  to  bees,  were  further  adduced  as  sbon 
that  insects  pay  great  attention  to  varieties  of  colouration. 

Finally,  the  lecturer  pointed  out  that  an  immensely  large  ] 
portion  of  what  wo  consider  beauty  in  tho  external  world  is 
to  the  colour-sense  in  insoots.  [G.  A 


GENERAL  MONTHLY  MEETING, 
Monday,  June  2,  1879. 

Gboror  Bcbk,  Esq.  F.R.S.  Treasurer  and  Yioe-President, 

in  the  Gliair. 

Miss  Lucy  Bligli,  ■ 

Fung-Yett,  Esq.  Interpreter  to  tho  CliincBO  Legation,        " 

Lionel  (Jyo,  Esq. 

Lieut.-Col.  Charles  Alexander  M'Mohon, 

James  Mason,  Esq.  F.O.S. 

were  elected  Members  of  tho  Royal  Institution. 

Tho  Prkbkntb  received  since  tho  last  Meeting  were  laid  on 
table,  and  the  thanks  of  the  Members  returned  for  tho  samo,  viz. : 


FBOM 

Nete  Zealand  OovemmentStatiat\ca  of  New  Zealand  for  1877.     fol.     1878. 
Areademia   dei  Linen,   Stale,  Jioma — Atti,  Serie  Terza,   Trananuti,  Vol. 

Fasc.  5.    4  to.     1879. 
AnlroiKrmi'enl  Society,  7fojfa(— Monthly  Notico*.  Vol.  XXXI.  No.  G.    8to.     1 
Auhrrtin,  J.  J.  E»q.  M.R.I,  {(he  Traiulalor) — The  Ltisinda  of  Camoenn.     2 

Sto.     1878. 
Brilifh  ArchHertu,  Rnt/al  Tnffiluie  o/— 1878-9:  Prooee<liiig8,  No.  12.    4ta 

TmnsBCtions,  No.  10.     4  to. 
Ctiemiral  Society — Journal  for  May.  1879.     Svo. 
Coutit,  John,  Ekj.  (the  Aa/hor)-  What  ia  Truth  ?    ISto.    1879. 
Dai:  Socirt«r  rie  Borda—BuUetine,  2*  Beiic,  Quntriime  Ann^ ;    Trimeati 

8vo.     Dftx,  1879. 
Editor* — Amprican  Journal  of  Soitnco  for  May,  1879.    8to. 

Analyst  for  May,  1879.    8vo. 

AtheniBiim  for  May,  1879.    4tn. 

CheraitMil  News  for  May,  1879.    4to. 

Engineer  for  May,  1879.    fol. 

HoTologrcal  Joariiol  for  May,  1879.    8vo. 
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B«or»— Iron  for  May,  1879.    4tn. 
Joanwl  for  Applied  8oi«iir«  for  May,  1879.    fol. 
Moolhltr  Joomal  of  Scienoe,  May,  1879. 
Natnre'for  Hnr,  1879.    4to. 
Ttlafamphto  Joamal  for  Mnv,  1879.    8vo. 
nrpwnt,  Pro/ennr  J.  (Ok  Auihor)—SiT  Humphry  Davy.    (L  17)    8to.     1879. 
FnaUin  rnj/rt«te— Jmimal.  No.  641.     8to.     1879. 

GtograpUfid  Sodtiy,  Rnyal — ProccedlngB,  New  Beries.   Vol.  I.  No.  S.  8vo.   1879. 
GeabyMal  &Mn<<y— Qaarlcr'y  .loumal.  No.  i!{fl.    8to.     1878. 
Otilliital  Boeiety  of  Irf/anrf— ,7oiiriial.  Vol.  XV.  Part  1.    8to.    1878. 
linaiw  &H»a^— Joumid,  Nog.  79,  101.    8va     1879. 

Mann.  R.  J.  MJ).  M.R.I.  (<A«  Author)— Tho  Zolas  and  Boers  of  South  Africa. 
(2oopiiM)    l2mo.     1879. 
Ctmtribotiona  to  the  Meteorology  of  NntAl.    (Met  Soo.  Jour.  1878.)    8to. 
Henry  Reere,  M.D.— Jnnraal  of  a   RcHidence  at  Vienna  and   Berlin  in   the 

Efeotful  Winter.  1805-6.     12nio.     1877. 
Modent  Heleomlogy.    Six  LectnrM.    By  Dr.  B.  J.  Mann  and  Others.     16to. 
1879. 
Maim,  R.  Etq.  MA.  (the  Anlhory-On  Some  PninU  in  the  Theory  of  the  Infinite 

and  of  Infinit<<«imnU.    (K  103)    8ro.    1S79. 
Kaneay  Soyoi    Uninrtily,  Ckritlinna — Jahrbuch   defi  Norwegiscben   Meteoro> 
logiachenlnstituU:  1874,  IS?."!,  1876.    4to.     1877-78. 
BMng  til  KundDkaben  om  Nnrj^es  Arktiake  Faana.     I.  Mollosca.    8to.    1878. 
8efliasL<ie:  Ora  PoncelPt'e  Betydnung  for  Oeometrien.    8vo.     1878. 
H.  Stolike,  Enurac-ratio  Iiiseolornni  Norwegioorum.     Faso.  4.    8vo.     1877. 
T.  Kjerair,  om  Stratiflcations  Spor.     4to.     1877. 

S.  Bugge,  Bune  -  Indakriftea  paa  Bingen  i  Forsa  Kirke  i  Helsinglan.    4b>, 
1877. 
nUIadefphia  Academy  of  Natural  fiWrtKxw— Proceedings,  1878.     8to.     1878-9. 

lanpltie  Boeielf— Joamal,  New  Series,  Vol.  UI.  No.  8.    8va     1879. 

Ifteulyo/lMHloit— Proceedings,  No.  195.     8vo.     1879. 
■<«le  Akadgwue  dtr  ITisMiMcAa/len— Monatsberichte :  Jan.  Feb.  1879.    8to. 
&«My  of  i4rtt— Journal  for  May,  1879. 

Bfmamt,  O.  /.—Monthly  Meteomloeioal  Magazine,  May,  1879.    Sto. 
Toflar.  A.  B.  Km.  M.D.  F.RS.  MM.I.  (Ike  .iuMur)— Iklauual  of  Medical  Juris- 

prwdaoee.    Tenth  edition.    12mo.     1879. 
nuinfik  Kmgbitn,  &»><<«  o/— Journal.  No.  26.    8to.    1879. 
VmitiJSmttm  haUtuHim.  Itoyiil-^onmal,  No.  99.    8to.     1879. 

trdanmg  de$  UetombJUiue*  in  Prtutie* — Verkandelungen,  1879. 
14,5.    4t0. 
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WEEKLY  EVENING  MEETINQ, 
Friday,  Juno  6,  1879. 


Gboroi  Bcu,  Esq. 


F.R.S.  Treasurer  and  Yioe-President, 
in  the  Chair. 


Jambs  Dewab,  M.A.  F.B.S. 
VFUUiAX  raonam  or  oHnrarBT,  aoTu.  mnntms,  nc. 

Speetroieopic  Invettigation, 


1 


Tn  KirchhoflTs  celebrated  paper  "  On  the  Belation  between 
lU<lintitig  and  Abeorbing  Powers  of  different  Budios  for  Light 
Ili-ftt,"  tbo  reniarkablo  oiperimonts  of  rovorsiug  the  bright  lim 
lithium  and  giHliiim  by  (muKiiig  Buulight  to  \msa  through  the  rap 
of  thoso  metals,  volatilized  in  the  flamo  of  a  Bunsen's  burner 
dcBcribod.  Bunson  and  EarclihofF  reversed  the  stronger  line 
potassitun,  calcium,  strontium,  and  barium  by  dcflngriiting  I 
chlorates  with  milk-sugar,  before  tlio  slit  of  the  solar  spectroM 
Beoent  researches  on  the  artificial  formation  of  Fraunhofer  1 
have  been  mode  by  Comu,  Lockyer,  and  Roberts. 

Comu  improved  upon  a  method  previously  used  by  Fouc 
It  depends  upon  so  arranging  the  electric  arc  that  the  contin 
spectrum  of  the  intensely  heated  poles  is  examined  through  an  a 
ephere  of  tho  metallic  vapours  volatilized  around  them.  By 
ineauB  Comu  sncceodedin  reversing  several  lines  in  the  spectra  o 
following  metals,  in  addition  to  those  above  mentioned,  viz.  tholl 
lead,  silver,  aluminium,  magnesium,  cadmium,  zinc,  and  copper, 
observed  that,  in  general,  the  rovereal  began  with  the  least  rofront 
of  a  group  of  lines,  and  gradually  estciidod  to  the  more  refranj 
lines  of  the  group,  and  drew  tho  conclusion  that  a  very  thin  J 
of  vapour  was  sufficient  fur  tho  reversal.  In  almost  every  coee 
linos  reversed  arc  tho  more  highly  refrangible  of  the  linos  chara 
istic  of  each  metal. 

Lockyer's  plan  was  to  view  the  electric  arc  through  the  VRpou 
the  metals  volatilized  in  a  horizontal  iron  tube.  The  iron  tube 
its  ends  covered  with  glass  plates,  and  was  heated  in  a  furnat 
current  of  hydrogen  passing  duiing  tho  experiment.  Ho  did 
succeed  in  observing  any  new  reversal  of  bright  lines,  with 
exception  of  an  unknown  absorption  lino  which  sometimes  appo 
when  zinc  was  oiporimented  on.  He  confirmed,  however, 
channellod-space  absorption  spectra  observed  by  Roscoe  and  Schu 
in  the  cases  of  potassium  and  sodium,  and  recorded  channelled-g] 
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ipectn  in  the  cmo  of  antimony,  pbosphorna  (?),  aulphor,  and  arsenio 
(probably).  "  As  the  tomperatare  cinployed  for  the  volatilization 
of  the  metals  did  not  exceed  bright  rednoes,  or  that  at  which  cast 
iron  readily  melte,  the  range  of  metals  examined  was  necessarily 
limited  ;  and  in  order  to  extend  these  observations  to  the  less  fusible 
metala,  as  well  as  to  ascertain  whether  the  spectra  of  those  vola- 
tOiced  at  the  lower  temperature  would  be  modified  by  the  application 
of  a  greater  degree  of  heat,"  a  now  scries  of  experiments  were 
nndertaken  by  Lockyer  and  Roberts,  in  which  the  combined  action 
of  a  ^larooal  furnace  and  the  oxy-hydrogeu  blowpipe  was  employed. 
A  lime  crucible  after  the  form  of  Stas  was  used  to  replace  the  iron 
tube.  By  this  means  they  obtained  still  uo  new  reversal  of  a  metallic 
line,  bnt  they  observed  channelled-space  spectra  in  the  cases  of  silver, 
manganeae,  chrominm,  and  bismuth.  They  observed,  however,  that 
the  metal  thallium  gave  the  characteristic  bright  green  line,  the  light 
<f  tiM  arc  not  being  reversed. 

In  the  abovo-nientiuuod  oxporimcnts,  the  cooluoss  of  the  ends  of 
the  tube,  which  acted  as  condensers  of  the  metallic  vapours,  and  the 
eontiniial  change  of  density  and  temperature  necessarily  prt>ducod  by 
tlie  mahitenanoe  of  a  current  of  hydrogen  through  tho  tube,  appear 
la  arOLvaut  for  tho  failure  in  observing  reversals. 

The  following  facts  have  been  acquired  during  tho  course  of  a 
long  aeries  of  conjoint  experiments  with  my  distinguished  colleague, 
PrafeflBor  Liveing,  of  Cambridge* 

Id  order  to  examine  the  reversal  of  the  spectra  of  metallic  vapours, 
h  is  more  satisiactory  to  observe  tho  absorptive  effect  produced  on 
\h»  oootinnons  spectrum  emitted  by  the  sides  and  end  of  the  tube  in 
which  the  volatilization  lakes  place.  For  this  purpose  it  is  convenient 
Id  oae  iron  tubes  about  half  an  inch  in  internal  diameter,  and  about 
87  iooboa  long,  closed  at  one  end,  thoroughly  cleaned  inside,  and 
mated  on  the  outside  with  borax,  or  with  a  mixture  of  plumbago  and 
fireclay.  Theee  tubes  are  inserted  in  a  nearly  vortical  iwsitiou  in  a 
fartiBoe  fed  with  Welsh  coal,  which  will  heat  about  10  inches  of  tho 
tabe  tu  about  a  welding  boat,  and  observations  are  made  through  tho 
■ppcr  open  end  of  tho  tube,  eitlier  with  or  without  a  cover  of  glass 
or  micft.  To  exclade  oxygen,  and  avoid  as  much  ospossibla  variations 
l.of  lampenture,  hydrogen  is  introduced  in  a  gentle  stream  by  a  narrow 
tabe  into  the  npper  i^art  only  of  the  iron  tube,  so  that  the  hydrogen 
loali  on  tho  snrfaco  of  the  metallic  vapour  without  producing  convec- 
tiaa  correots  in  it.  By  varying  the  length  of  tho  small  tube  con- 
tCjiBg  the  hydrogen,  the  height  in  the  tube  to  which  the  metallic 
wpoar  leafihee  may  be  regulated.  Thus  dificrent  depths  of  metallic 
vspovr  iiMy  be  maintained  at  a  comparatively  constant  temperature 
Ibr  eoOBidcrablo  periods  of  time.  The  general  plan  of  the  apparatus 
k  giran  in  Plato  I.  (at  the  end  of  tho  paper). 


•0*  lb*  BevermI  of  the  Udm  of  HotaUic  Vanoon,"  No*.  L,  II.,  IIL,  IV.,  V.. 
n.«PMe.B(>7.  Boo.,'  187»-1879. 
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place  of  the  less  refrangible  of  the  ccesinm  blue  lines.  During 
time  no  dark  line  could  be  observed  in  the  red ;  bnt  as  the  temp 
tore  rose,  a  broad  absorption  band  appeared  in  the  red,  with  its  oei 
about  midway  between  B  and  0,  ill  defined  at  the  edges,  and  tho 
plainly  Tisible  not  very  dark.  The  lines  in  the  violet  bad  i 
become  so  broad  as  to  touch  each  other  and  form  one  dark  band, 
cooling,  the  absorption  baud  in  the  red  became  gradnaUy  lig' 
without  becoming  defined,  and  was  finally  overpowered  by  the  cl 
nellcd  spectrum  of  sodium  in  that  region.  The  double  dark  lin 
the  violet  became  sharply  defined  again  as  the  temperature 
There  are  two  blue  lines  in  tho  spectrum  of  rubidiimi  taken  wit] 
induction-coil  very  near  the  two  blue  lines  of  cajsiom ;  but  they 
comparatively  feeble,  and  the  two  dark  lines  in  the  blue  obsei 
in  the  places  of  the  characteristic  blue  lines  of  caasinm  must  1 
been  due  to  a  small  quantity  of  caesium  chloride  in  the  sampli 
mbidium  chloride.  These  bine  lines  wero  not,  however,  via 
when  some  of  the  mbidium  chloride  was  hold  in  the  flame  c 
Bunsen's  burner,  nor  when  a  spark  was  taken  from  a  solution  of 
chloride;  but  tho  more  refraugible  of  them  (Csa)  was  visible  in 
spark  of  an  iuduction-coil,  without  a  Leyden  jar,  taken  between  b 
of  the  rubidium  chloride  fused  on  platinum  wires. 

When  a  tube  containing  ceasium  chloride  and  sodium  was  obser 
in  the  same  way,  the  two  dork  lines  in  the  blue  were  seen  very  i 
after  the  heating  began,  and  the  more  refrangible  of  thorn  brood* 
out  very  sensibly  as  tho  temperature  increased.  The  usual  channe 
spectram  of  sodium  was  scon  in  the  green,  and  an  additional  channel 
appeared  in  the  yellow,  which  may  be  due  to  caesium  or  to  the  mix 
of  the  two  metals.  Indeed  tho  ciesium  chloride  was  not  free  i 
rubidium,  and  the  dark  lines  of  rubidium  were  distinctly  seeE 
the  violet.  Metallic  lithium  acts  on  the  chlorides  of  caesium 
rubidium,  giving  the  same  rosoltR  as  sodium. 

It  is  remarkable  that  these  absorption  linos  of  ctesiam  ooini 
with  the  blue  lines  of  cojsium  as  seen  in  the  flame,  not  vrith 
green  lino  which  that  metitl  shows  when  heated  in  an  electric  spai 
high  density.  It  is  to  be  observed,  however,  that  when  sporks  fron 
iuduction-coil  without  a  jar  are  taken  between  beads  of  ccesium  oi 
ride  fused  on  platinum  wires,  a  spectrum  siiuilar  to  tho  flame  a] 
tram  is  seen,  and  it  is  only  when  a  Loydon  jar  is  used  that 
spectrum  is  reduced  to  a  green  line.  In  like  monnor  both  the  vii 
lines  of  rubidium  are  reversed,  and  both  those  violet  linos  are  8 
when  the  spark  of  an  induotion-ooil,  without  jar,  is  passed  betw 
beads  of  rubidium  chloride  fused  on  platinum  wire,  though  only 
of  them  apjiears  when  a  Leyden  jar  is  used. 

Mixtures  of  carbonate  of  csosium  with  carbon,  and  of  oarbonatt 
rubidium  with  carbon,  prepared  by  charring  the  tartrates,  heated 
narrow  porcelain  tubes,  placed  vertically  in  a  furnace,  gave  shi 
results.  A  small  quantity  of  the  ca'sium  mixture,  introdneod  intt 
tabo  at  a  bright  red  heat,  showed  ijistautly  the  two  blue  lines  revert 
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and  so  mach  exp&ndecl  as  to  be  almost  in  contact.  The  width  of  the 
dark  lines  decreased  as  the  caesium  evaporated,  but  tbej  remained 
quite  distinct  for  a  long  time.  A  similar  effect  was  produced  by  tfao 
mbidiam  mistnrc,  only  it  was  necessary  tu  have  the  tube  very  much 
hotter,  in  order  to  get  enough  of  violet  light  to  see  the  reversal  of 
the  rubidimu  lines.  In  this  case  the  two  linos  wore  so  much  expanded 
u  to  form  one  broad  dark  band,  which  gradually  resolved  itself 
into  two  as  the  mbidinm  evaporated.  The  reversal  of  those  lines 
of  ctesrnm  and  rubidium  seems  to  take  place  almost  or  quite  as 
mdily  as  that  of  the  D  lines  by  sodium,  and  the  vapours  of  those 
melals  mast  be  extremely  opaque  to  the  light  of  the  refraugibility 
absorbed,  for  the  absorption  was  conspicuous  when  only  very  minute 
quantities  of  the  metals  were  present.  The  red,  yellow,  and  green 
puts  of  the  spectrum  were  carefully  searched  for  abscirption  lines, 
bat  none  due  to  ciesinm  or  rubidium  could  bo  detected  in  ouy  case. 
It  is  perhaps  worthy  of  remark  that  the  liberation  of  such  extremely 
electnvpositiTe  elements  as  ciesinm  and  rubidium  from  their  chlorides 
by  sodinm  and  by  lithium,  though  it  is  probably  only  partial,  is  a  proof, 
if  proof  were  wanting,  that  so-called  chemical  aJBinity  only  takes  a 
part  in  determining  the  grouping  of  the  elements  in  such  mixtures ; 
and  it  is  probable  that  the  equilibrium  arrived  at  in  any  such  case  is  a 
dynamical  or  mobile  e<juilibrium,  continually  varying  with  change  of 
tanpeiatare. 

It  is  difficult  to  prevent  the  oxidation  of  magnesium  in  the  iron 
tabes,  and  tubes  wider  than  half  an  inch  did  not  give  satisfuctory  results. 
With  half-inch  tubes,  the  lines  in  the  green  were  clearly  and  sharply 
ramned,  also  some  dark  lines,  not  measured,  were  seen  in  the  bine. 
Hw  diwpnees  of  these  lines  depended  on  the  regulation  of  the 
kyidrogen  current,  by  which  the  upper  stratum  of  vapour  could  be 
cooled  at  will. 

(1)  The  absorption  spectrum  of  magnosiam  consists  of  two  sharp 
lines  in  the  green,  of  which  one,  which  is  broader  than  the  other, 
■■d  appears  to  broaden  as  the  temperature  increases,  coincides  in 
WMitioa  with  the  leist  refrangible  of  the  b  group,  while  the  other  is 
IMS  refrangible,  and  hns  a  wave-length  very  nearly  5,210.  These 
liaaa  mn  the  first  and  the  last  to  bo  seen,  and  wore  first  taken  for  the 
<B|jiifiMi  lines  of  the  b  group. 

(S)  A  dark  lino  in  the  blue,  alwajrs  more  or  loss  broad,  difficult 
IB  meuoro  exactly,  but  very  near  the  place  of  the  brightest  blue 
Uae  ot  BHignesinm.  This  line  was  not  always  visible,  indeed  rarely 
wImb  magnesinni  alone  was  placed  in  the  tube.  It  was  better  scon 
when  a  small  qnantity  of  potassium  or  sodium  was  added.  The 
mmmua  of  the  less  refrangible  edge  of  this  band  gave  a  wave-length 
uf  very  nearly  4,616. 

(8)  A  third  line  or  band  in  the  green  rather  more  refrangible 
lliaii  tlM  b  group.  This  is  best  seen  when  jiotassiam  and  nuigncsium 
an  iatiwdnced  into  the  tul>e,  but  it  may  also  be  seen  with  sodium 
ittm.    The  Ices  refrangible  edgo  uf  this  hand  is  sharjdy 


dofiuo<l,  ami  has  a  wave-length  about  5,140,  and  it  fades  away  tow 
the  blue. 

Those  absorptions  are  all  seen  both  when  potassinm  and  sodinn 
used  along  with  mgnesium,  and  may  be  fairly  ascribed  to  magnes 
or  to  inagnosium  together  with  hydrogen. 

But  besides  those,  other  absorptions  are  seen  which  apjiear  U 
due  to  mixed  vapours. 

(4)  Thus  when  sodium  and  magnesium  are  nsed  together  a  c 
line,  with  ill-defined  edges,  is  seen  in  the  green,  with  a  wave-lei 
about  5,300.  Tliis  is  the  characteristic  abeorptiou  of  the  m: 
vapours  of  sodium  and  magnesium ;  it  is  not  seen  with  either  vaj 
seimrately,  nor  is  it  seen  when  potassium  is  used  instead  of  sotliuc 

(5)  When  potassium  and  magnesium  are  used  together,  a  pai 
dark  lines  are  seen  in  the  rod.  The  less  refrangible  of  these  so 
times  broadens  into  a  band  with  ill-defined  edges,  and  has  a  u 
wnvo-longth  of  about  6,580.  The  other  is  always  a  fine  sharp  1 
with  a  wuve-Ieugth  about  6,475.  These  linos  are  as  regularly  t 
with  tlie  mixture  of  potassium  and  maguesium  as  the  above-muntio 
line  (5,300)  is  seen  with  the  mixture  of  sodium  and  maguesium, 
are  not  seen  oxoe])t  with  that  mixture. 

There  is  a   certain  rusumblauoo  between  the  absorptions  al 
ascribed  to   mogimsinm,   and  the  omission  spectrum  scon  when 
sparks   of  a  small  iuductiuu -coil,  without  Leyden  jar,  are  ta 
between  electrodes  of  magnesium. 

The  ooincidonoes  of  the  series  of  the  solar  spectrum  hitht 
observed   have,  for  the  most  part,  boon  with  linos  given  by  dc 
electric   sparks ;  while  it  is  not  improbable  tliat  the  conditions 
tem]>eraturo,  and  tlio  lulmixtures  of  vapours  in  the  upper  port  of 
solar  atmosphere,  may  resemble  much  more  nearly  those  iu  our  tul 

It  lioaimo  a  question  of  interest  to  find  tho  oouditious  under  wb 
the  same  mixtures  would  give  lumiutius  spectra,  cuusistiugof  tho  li 
which  hotl  boon  seen  reversed.     On  observing  sparks  from  an  iud 
tion-coil  taken  betwcou  magnesium  [loiutti  iu  tin  utmuHphere  of  hyd 
ceu,  a  bright  line  regularly  opjicarod,  with  a  wave-length  about  5,2 
ui  the  same  position  as  one  uf  the  most  conspicuous  of  the  di 
lint'H  obsorve«l  to  bo  pnKiuced  by  vapour  of  moguoBium  with  hydroj 
in  our  iron  tubes.     This  line  is  bust  seen,  i.  e.  is  most  steady,  wl 
no  Leaden  jur  is  used,  and  tho  rheotomo  is  screwed  back,  so  thai 
will  but  just  work.     It  miiy,  however,  be  seen  when  the  coil  is 
its  ordinary  state,  and  when  a  small  Leydeu  jar  is  intcrpused ;  I: 
it  disapjicurs  (except  in  fliislios)  when  a  larger  Leyden  jar  is  ust 
if  the  hydrogen  be  at  tho  atmospheric  pressure.      This  line  docs  n 
usually  extend  across  tho  whole  interval  between  the  electrodes,  and 
sometimes  only  seen  near  the  negative  electrode.     Its  presence  seat 
to  depend  on  the  temperature,  as  it  is  not  seen  continuously  when 
large  Leyden  jar  is  employed,  until  tho  pressure  of  tho  hydrogen  an 
its  resistance  is  very  much  reduced.     When  well-drio*!  nitrogen  t 
carbonic  oxide  is  substituted  for  hydrogen,  this  line  diuuppeai-s  ei 
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tiraly ;  bat  if  any  hydrogen  or  traces  of  moisture  be  present  it  cornea 
oat  when  the  pressure  is  much  reduced.  In  such  cases  the  hydrogen 
linea  C  and  F  are  always  risible  as  well.  Sometimes  several  fine  liaes 
Mffou  on  the  more  refrangible  side  of  this  line,  between  it  and  the  b 
group,  which  give  it  the  appearance  of  being  a  narrow  band,  shaded  on 
tfafkt  side.  Various  samples  of  magnesium  used  as  electrodes,  and  hydro- 
gaos  prepared  and  purified  in  different  wars,  gare  the  same  results. 

In  addition  to  the  abore-mentioned  lino,  there  is  also  produced  a 
tenem  of  fino  lines,  commencing  close  to  the  most  refrangible  line 
of  the  h  group,  and  extending  with  gradually  diminishing  iutonsity 
towards  tibe  blue.  These  lines  are  so  close  tu  one  another,  that  in  a 
■mall  spectroscope  they  appear  like  a  brood  shaded  band.  We  hare 
Uttle  doubt  that  the  dark  absorption  line,  with  wave-longth  about 
5,140,  shading  towards  the  bhie,  observed  in  our  iron  tubes,  was  a 
rereisal  of  part  of  these  lines,  though  the  latter  extend  much  further 
towards  the  blue  than  the  ubsorred  absorption  extends. 

Charred  cream  of  tartar  in  iron  tubes,  arranged  as  before,  gave  a 
broad  absorption  baud  extending  over  the  space  from  about  ware- 
kngtb  5,700  to  5,775,  and  in  some  cases  still  wider,  nnth  edges  ill- 
defined,  especially  the  more  refrangible  edge.  By  placing  the  charred 
eream  of  tartar  in  the  tube  before  it  was  introduc(xl  into  the  furnace, 
and  watching  the  increase  of  light  as  the  tube  gut  hot,  tliis  band  was 
at  first  seen  bright  on  a  less  bright  background,  it  gradually  fade<l, 
and  then  came  out  again  reversed,  and  remained  so.  No  very  high 
lantpeiatore  was  required  for  this,  but  a  rise  of  temperature  had  the 
cdeot  of  widening  the  band.  Besides  this  absorption,  there  appeared 
a  Terr  indefinite  faint  absorption  in  the  red,  with  the  centre  at  a  wave- 
length of  about  6,100,  and  a  dark  band,  with  a  tolerably  wclldcfined 
edge  on  the  loss  refrangible  side,  at  about  a  wave-length  of  4,850, 
»t»«<iwig  sway  towards  the  riolot.  A  fainter  dark  band  was  sometimes 
■eao  bejood,  with  a  ware-length  of  about  4,G45  ;  but  sometimes  the 
li|^t  MtMod  abruptly  terminated  at  about  wave-length  4,850.  It  will 
be  Boiicod  that  these  absorptions  e^ro  not  the  same  as  those  seen  when 
iam  is  heated  in  hydrogen,  nor  do  they  corro8]H)ud  with  known 
lines  of  potassium,  although  the  first,  which  is  also  the  most 
Dons  and  regularly  visible  of  these  absorptions,  is  very  near  a 
cnrap  of  three  bright  lines  of  potassium.  It  socme<l  probable  that 
they  might  be  duo  to  a  combination  of  potassium  with  carbonic  oxide. 
Foteasinm  heated  in  carbonic  oxide  in  glass  tubes,  united  readily  with 
tbe  gas,  bat  the  compound  did  not  appear  to  volatilize  at  a  dull  rod 
beat,  and  no  absorption,  not  even  that  which  potassium  gives  when 
heated  in  nitrogen  under  similar  circumstances,  could  be  seen.  Induo- 
tioa  sparks  between  an  electrodo  of  potassium  and  one  of  platinum 
ia  aa  atmosphere  of  carbonic  oxido,  gave  the  usual  bright  lines  of 
nam,  and  also  a  bright  band,  identical  in  jHwitiun  with  the  above- 
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mentioned  band,  between  ware-lengths  abont  5,700  and  5,775, 
band  could  not  be  seen  when  hydrogen  was  sub8titute<l  for  car 
oxide.  A  mixtnro  of  sodinm  carbonate  and  charred  sngar,  head 
an  iron  tnbo,  gave  only  tbo  same  absorption  as  sodium  in  hydr 
There  were  also  no  indications  of  any  absorption  due  to  a  compoo: 
rubidium  or  of  cieidnm  with  carbonic  oxide. 

A  mixture  of  barium  carbonate,  olnmiuium  filings,  and  lamp-l 
heated  iu  a  porcelain  tube,  gave  two  absorption  lines  in  the  g 
corresponding  in  position  tu  bright  lines  seen  when  sparks  ore  I 
from  a  solution  of  barium  chloride,  at  wave-lengths  5,242  and  5, 
maxkod  a  and  /3  by  Lecoq  de  Boisbaudran.  These  two  absorp 
were  very  persistent,  and  were  produced  on  several  occasions 
third  absorption  lino,  corresponding  to  line  8  of  Boisbaudran, 
sometimes  seen  ;  and  on  one  occasion,  when  the  temperature  wi 
high  08  could  bo  obtained  in  the  furnace  fed  with  Welsh  coal,  ■ 
mixtnro  of  charred  barium  tartrate  with  alumiuinm  was  used,  u  fc 
dark  line  was  soon  with  wave-length  5,535.  This  lino  was  vorj 
and  sharply  defined,  whereas  the  other  three  lines  were  ill-dcfiue 
the  edges;  it  is,  moreover,  the  only  one  of  the  four  which  corresp 
to  a  bright  line  of  metallic  b&rium. 

Repeated  experiments  with  charred  tartrates  of  calcium  an 
strontium  mixed  with  aluminium  gave  no  results;  but uu one ocoai 
when  sodium  carbonate  was  used  along  with  tbu  charred  tarl 
of  strontium  and  aluiniuium,  the  blue  line  of  strontium  was  soon 
versed  :  and  on  another  occasion,  when  a  mixture  of  charred  potass 
calcium,  and  strontium  tartrates,  and  aluminium  was  used,  the  cole 
line,  with  wave-length  4,226,  was  seen  reversed. 

In  order  tu  command  higher  tem])eratures,  experiments  were  d 
with  the  electric  arc  enclosed  id  limo,  mugucsia,  or  c^irbuu  orucil 
The  different  forms  used  arc  represented  in  PUtu  II.  Figs.  1,  2,  J 
and  5  ;  and  the  plan  fur  projecting  reversals  iu  Plate  III. 

In  the  first  experiments  thirty  cells  of  Grove  were  employed  ; 
the  later  ones  the  Bifuiuns  arc  from  the  powerful  dynomu-macl 
belonging  tu  the  Koyal  Institution. 

The  electric  arc  in  lime  crucibles  gives  a  very  brilliant  specti 
of  bright  lines,  a  copious  stream  of  vapours  ascending  the  tube, 
drawing  apart  the  polos,  which  could  be  done  for  nearly  an  inch  wi 
out  stopping  the  current,  the  calcium  line  with  wavo-length  4,5 
almost  always  appears  more  or  less  expanded  with  a  durk  line  in  i 
middle,  botJi  iu  the  lime  crucibles  and  in  carbon  crucibles  into  wh: 
some  lime  has  been  introduced  ;  the  remaining  bright  lines  of  caloii 
are  also  frequently  seen  in  the  like  condition,  but  sometimes  the  da 
line  appears  in  the  middle  of  K  (the  more  refrangible  of  Franuhofe; 
lines  H),  when  there  is  none  in  the  middle  of  H.     On  throwing  son 
aluminium  filings  into  tho  crucible,  the  line  4,226  appears  os  a  broi 
dark  baud,  and  both  H  iind  K,  as  well  as  tho  two  lilumininm  lin< 
between  them,  ap{)ear  for  a  second  as  dark  bonds  ou  a  cuntinuoi 
l>ackground.     Soon  they  appeal'  as  bright  bands  with  dark  middlot 


vsn.} 


em  SpeHroteopie  Inventigation. 


ai8 


gTBdoally  the  d&rk  line  disappears  from  H,  and  aftoiwkrdg  from  E, 
while  the  alnminimn  lines  remain  with  dark  middles  for  a  long  time. 
Who)  «  mixture  of  lime  and  potassium  carbonate  was  introduced 
inti>  a  carbon  crucible,  the  group  of  three  lines  with  wove-longths 
4,425,  4,434,  and  4,464  were  all  reTersed,  the  least  refrangible  being 
the  meet  strongly  reversed,  and  remaining  so  longest,  while  the  must 
re&angible  was  least  strongly  reversed,  and  for  the  shortest  time. 

When  aluminium  was  put  into  the  crucible,  only  the  two  lines  of 
that  metal  between  H  and  K  were  seen  reversed.  The  lines  at  the 
red  end  remained  steadily  bright. 

When  magneaium  was  put  into  a  lime  crncible,  the  6  group 
oxpanded  a  little  without  appearing  reversed,  but  when  some  alumi- 
nium was  added,  the  least  refrangible  of  the  three  lines  appeared 
with  a  dark  middle,  and  on  adding  more  magnesium  the  second  line 
pat  on  the  same  appearance;  and  lastly,  the  most  refrangible  was 
Mrersed  in  like  manner.  The  least  refrangible  of  the  three  remained 
reversed  for  some  time ;  and  the  order  of  reversibility  of  the  group  is 
that  of  refrangibility.  Of  the  other  magnesium  linos,  that  in  the 
TcUowish-green  (wave-length  5,627)  was  much  expanded,  while  the 
hlne  line  (wave-length  4,703),  and  a  line  still  more  refrangible  than 
the  hitherto  recorded  lines,  with  wave-length  4,354,  were  still  more 
'  cspMided  each  time  that  magnesium  was  added. 

The  following  experiments  were  made  in  carbon  crucibles  : — 

With  stn  ntia  the  lines  with  wave-lengths  4,607,  4,215  and  4,079 
Were  all  seen  with  dark  linos  in  the  middle,  but  no  reversal  of  any 
'  ■troatimn  lino  less  refrangible  could  be  seen. 

A  mixture  of  barium  and  pfitassium  carbonates  produced  the 
t\  of  tlie  lines  with  wave-lengths  5,535  and  4,933.  When 
'  karimn  chlorate  was  dropped  into  a  crucible,  the  four  linee  with 
ware-leogths  4,653,  4,933,  5,545,  and  5,518  were  roverseil. 

To  obtenre  particularly  the  efl'ects  of  potassium  a  mixture  of  lime 
and  polMsiam  carbonate  previonsly  ignited  was  thrown  in.  The  violet 
liaw  of  potaasinm,  wave-length  4,044,  cameont  immediately  as  a  broad 
[  bilMik  buid,  which  soon  resolved  into  two  narrower  dark  bands  having 
'  «mT»-leiigtha  nearly  4,042  and  4,045.  On  turning  to  the  red  end  the 
two  extreme  red  lines  were  both  seen  reversed.  No  lines  of  potassium 
bttweon  the  two  extremes  could  be  seen  reversed,  but  the  group  of 
three  yellow  lines  were  all  expanded,  though  not  nebulous,  and  other 
Vms  to  ibe  green  were  seen  much  expanded. 

Sodimn  carbonate  gave  only  the  D  lines  reversed,  though  the  other 
were  expanded,  and  the  pairs  in  the  green  had  each  become 
a  my  broad  nebulous  band,  and  D  almost  as  brood  a  black  band. 
Wbco  aodium  chlorate  was  dropped  into  a  crucible,  the  pair  of  linos 
with  wave-lengths  5,681,  5,687,  were  both  momentarily  reversed,  the 
Utter  roach  more  strongly  than  the  former. 

When  a  very  little  charred  mbidium  tartrate  was  put  in,  the  two 
violet  lines  were  sharply  reversed,  appearing  only  as  black  lines  on 
a  eontinaoaa  light  background.     Turning  to  the  red  end,  the  mora 
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refrangible  of  the  two  linos  in  the  oxtrcmo  red  (wavo-length  7,80 
Bocn  to  havo  n  deoiiled  dark  line  in  the  middle,  and  it  coutinacd  ^ 
BOme  time.    The  addition  of  more  mbidinm  failed  to  canse  any  rat 
of  the  extreme  rod  lino,  or  of  any  but  the  three  linos  already  mentii 

On  putting  lithium  carbonate  into  the  crucible,  the  violet 
of  lithium  appeared  as  a  nebulous  baud,  and  on  adding  boom^ 
minium  this  violet  band  became  onnrmonsly  expanded,  but  showi 
reversal.  The  blue  lithium  lino  (wave-length  4,604)  was  well  reve 
U  was  also  the  red  line,  w1(ile  a  fine  dark  lino  paRscd  througl 
middle  of  the  orange  line.  On  ailding  a  mixture  of  aliimiuinm  & 
and  the  carbonates  of  lithium  and  potassium,  the  red  line  beoa 
broad  black  band,  and  the  orange  line  was  well  reversed.  The  ( 
line  was  exceedingly  bright,  but  not  nobulons  or  reversed,  and  the  v 
line  still  remained  ranch  expanded,  but  nnrfivorsod. 

Mcfollic  indium  placed  in  the  crucible  gave  the  lines  with  w 
lengths  4,101  and  4,509,  and  both  were  seen  strongly  reversed, 
other  absorption  line  of  indium  could  be  detected. 

In  some  cases  a  current   of  hydrogen  or  of  coal-gas  was  i: 
dnced  into  the  crucibles  by  moans  of  a  small  lateral  opening,  o: 
a  perforation  through  one  of  the  carbon  electrodes,  as  is  show 
Plate   II.    Fig.   4;   sometimes   the    perlbratod    carbon    was    pi 
vertically,    and   wo   examined   the   light   through    the  perforati 
When  no  such  current  of  gas  is  introduced,  there  is   freqnentl 
flame  of  c-arbonic  oxide   burning  at  the  mouth  of  tho  tube, 
current  of   hydrogen   prwluces  very  marked  effects.     As  a  ruli 
increases  tho  brilliance  of  tho  continuous  spectrum,  and  diminii 
rt'lntively  tho  apparent  intenBity  of  tho  bright  lines,  or  makes  t 
altogether  <lisappe«»r  with  tho  exception  of  the  carbon  lines.     "Vi 
this   last   is  the  case,  the  reversed  lines  are  seen  simply  as  bl 
lines  on  a  continuous  background.     Tho  calcium  lino   with   wi 
length  4,226  is  always  seen  nndor  these  circumstanoos  as   a  n 
or   less  broad    black  hand  on  a  continuous  background,  and  w 
the  temperature   of  the   cniciblo   has   risen   sufficiently,   tho    li 
with  wave-lengths  4,434  and  4,454,  ond  next  that  with  wave-len 
4,425,  appear  as  simple  black  lines.     So,  too,  do  the  bluoand  red  li 
of  lithium,  and  the  barium  line  of  wave-lcngt!i  5,.^35,  appear  stoadil;; 
sharp  black  lines,  when  no  trace  of  tho  other  lines  of  these  met 
either  dark  or  bright,  can  bo  detected.     Dark  bands  also  frequen 
appear,  with  ill-defined  edges,  in  the  positions  of  tho  well-known  brij 
green  and  orange  bands  of  lime. 

With  sodium  chloride,  the  pair  of  lines  (5,687,  5,681)  next  mi 
refrangible  than  the  D  group  wore  repeatedly  reversed.  In  eve 
case  tho  less  refrangible  of  the  two  was  the  first  to  be  seen  roversi 
and  was  tho  more  strongly  reversed,  as  hos  also  been  observed  i 
Mr.  Lockyer.  But  our  observations  on  this  pair  of  linos  diifer  fro 
his  in  80  far  as  ho  says  that  "  the  double  green  line  of  sodium  shov 
scarcely  any  trace  of  absorption  when  the  lines  arc  visible,"  while  n 
have  repeat«<lly  seen  tho  reversal  as  dark  lines  appearing  on  tl 
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expanded  bright  lines ;  a  second  pair  of  faint  bright  Hdca,  like  ghosts 
of  the  first,  usually  coming  ont  at  the  same  time  on  the  more 
refrangible  side. 

Potaasiom  carbonate  gave,  besides  the  violet  and  red  lines  which 
Iwd  been  reversed  before,  the  group,  wavo-longths  6,831.  5,802,  and 
5,873,  all  reversed,  the  middle  line  of  the  three  being  the  first  to  show 
reversal.  Also  the  lines  wave-lengths  6,913,  6,946,  well  reversed, 
the  lees  refrangible  remaining  reversed  the  longer.  Also  the  group, 
vave-lengtbs  5,353,  5,338,  5,319  reversed,  the  most  refrangible  not 
being  reversed  until  after  the  others.  Also  the  line  wave-lougth 
5,112  reversed,  while  two  other  lines  of  this  group,  wavc-leugtha  5,095 
and  5,081,  were  not  seen  reversed. 

Using  lithium  chloride,  not  only  were  the  red  and  blue  linos,  as 
omal,  easily  reversed,  and  the  orange  lino  well  reversed  for  a  long 
tiine,  but  also  the  green  line  was  distinctly  reversed ;  the  violet  line 
Etill  unreversed,  though  broail  and  expanded.  Had  this  green  line 
belonged  to  ctesium,  the  two  blue  lines  of  that  metal  which  are  so 
easily  reversed  could  not  have  failed  to  appear;  but  there  was  no 
trace  of  them. 

In  the  case  of  rubidium,  the  loss  refrangible  of  the  rod  lines 
was  well  reversed  as  a  black  line  on  a  continuous  background,  but 
it  is  not  easy  to  got,  even  from  the  arc  in  one  of  our  crucibles, 
■ufficient  light  in  the  low  red  to  show  the  reversal  of  the  extreme  ray 
of  this  metal. 

With  charred  barium  tartrate,  and  also  with  baryta  and  aluminium 
logether,  the  reversal  of  the  line  with  wave-length  G,496  xraa  observed, 
in  addition  to  the  reversals  previously  described.  The  less  refran- 
gible line,  wave-length  6,t>77,  wos  not  reversed. 

With  charred  strontium  tartrate,  the  linos  with  wavc-longths 
4,812,  4,831,  and  4,873,  were  reversed,  and  by  the  addition  of 
alinnimam,  the  lino  wave-length  4,9G'2  was  reversed  for  a  long  time, 
and  alao  the  lines  wave-lengths  4,895,  4,868. 

On  putting  calcium  chloride  into  the  crucible,  the  line  wave- 
legagtb  4,302  was  reversed,  this  being  the  only  one  of  the  well-marked 
gnmp  to  which  it  belongs  which  appeared  reversed.  On  another 
oocwion,  when  charred  strontium  tartrate  was  used,  the  lino  wave- 
length 4,877  was  seen  reversed,  as  weJl  as  the  strontium  line  near  it. 
The  lines  wave-leogthB  6,161,  6,121,  have  been  seen  momentarily 
iwerMQ. 

With  magnesium,  when  a  stream  of  hydrogen  or  of  coal-gu  wm 
led  into  the  crucible,  the  line  wave-length  5,210,  previously  seen 
in  iron  tabes,  and  ascribed  to  a  oombinatiuu  of  magnesium  with 
kjdrogeo,  was  regularly  seen,  usually  as  a  dark  line,  sometimes 
with  a  tail  of  fine  dark  lines  on  the  more  refrangible  side  similar  to 
tiw  tail  of  bright  lines  seen  in  the  sparks  taken  in  hydrogen  between 
IMigiiiaiiiiii  points.  Bomctimes,  however,  this  lino  (5,210)  was  seen 
W^t.  It  alwavs  disappeared  when  the  gas  was  discontinued,  and 
a|«pQarsd  aeain  shaqdy  on  rca<lmitting  hydrogen.     These  effects  were 
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however,  only  wcU  dofinod  in  cmciblos  having  a  height  of  ttki 
8  inches  abiivo  the  arc. 

On  patting  a  fragment  of  metallic  galliam  into  a  crncible,  th< 
rofnuigiblo  lino,  wave-length  4,170,  came  oat  bright,  and  soon  a 
line  api>ear»l  in  the  middle  of  it.  The  other  lino,  wave-length  4 
showed  the  same  effect,  but  less  strongly. 

licviewing  the  scries  of  reversals  which  have  been  observe 
many  cases  the  least  refrangible  of  binary  groups  is  the  most  « 
reversed,  as  has  been  previously  remarked  by  Coma.  i 

Making  a  general  Bumuiation  of  the  results  respecting  the  alk 
earth  metals,  potaf^8iam  and  BO<1inm,  having  regard  only  to 
most  characteristic  rays,  which  for  bariimi  may  be  taken  as  21 
strontium  34,  for  calcium  37,  for  potassium  31,  and  for  sodiun 
the  reversals  uumlxsr  respectively  6,  10,  11,  13,  and  4.  That 
the  case  of  the  alkaline  earth  metals  about  one-third,  and  t 
chiefly  in  the  more  refrangible  third  of  the  visible  spectrum, 
characteristic  rays  remaining  unreversed  in  the  more  rofrani 
port  of  the  spectrum  being  respectively  2,  6,  and  4. 

The  curious  behaviour  of  the  linos  of  different  spectra  with  re 
to  reversal  induced  a  comparison  with  the  bright  lines  of  the  obr 
sphere  of  the  snn,  as  observed  by  Young.  It  is  well  known  that  i 
of  the  principal  lines  of  the  metals  giving  comparatively  sii 
spectra,  Bucli  as  lithium,  aluminium,  strontium,  and  putassiuiu,  an 
represented  amongst  the  dark  lines  of  Fraunhofor,  while  other  ] 
of  those  metals  are  seen  :  and  an  examination  of  the  bright  chn 
spheric  lines  shows  that  special  rays  highly  characteristic  of  be 
which  appear  from  other  rays  to  bo  present  in  the  chromosphere 
absent,  or  are  less  frequent  in  their  occurrence  than  others. 

In  the  following  table  the  relation  between  the  observation! 
reversals  and  Young's  on  the  chrumoephoric  lines  is  shown. 
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The  gronp  oaloimn,  btkrium,  and  ilrontitim  on  the  one  hand,  i 
Bodinm,  lithinm,  magneeiiun,  and  hydrogen,  on  the  other,  Been 
behave  in  a  similar  way  in  tiie  ohromoephere  of  the  sttn ;  but  bet 
definite  ooDcInsionB  can  be  reached  regarding  the  sequence  of 
reversals,  a  farther  Beriee  of  long  and  laboriouB  experiments  mnsl 
executed. 

[J.  D. 


220  Profo$sor  Dewar  on  SpHHnteHpie  Invest Igalion.  [Jt 

Plate  U. 

FIS.2 


FIC.  5 


Plate  UL 


1879.]       Mr.  F.  J.  Bramuell  on  the  ' Thunderer'  Gun  Expiation.      221 


WEEKLY  EVENING  MEETING, 

Friday,  Juno  13,  1879. 

Wabbbn  Dx  La  Rue,  Esq.  MjV.  D.C.L.  F.RS.  Secretary  aud 


F.  J. 


Vice-President,  in  the  diair. 
Bkamwill.  Esq.  F.R.S.  M.  Inst.C.E.  M.BJ. 


rAn-ruaismT  or  tbe  ixtTiTim  or  hcciiajiical  uomsuii. 

The  '  Thunderer '  Oun  Exploeion. 

The  explosion  of  the  gnn  on  board  the  '  Thunderer' — such,  you  will  see, 
oo  referring  to  the  notice  paper,  is  the  subject  of  my  lecture  to-uigbt, 
and  I  commence  by  reading  that  title  to  you  to  introduce  the  state- 
ment I  desire  to  make,  that  the  subject  of  this  lecture  is  a  very  limited 
one.  It  is  not  artillery  generally,  nor  "  big  guns "  generally,  nor 
muzzle-loaders  compared  with  breech-loaders,  nor  the  consideration 
of  what  is  the  best  material  to  employ  in  the  construction  of  big 
Kana ;  and  it  is  not  any  or  all  of  these,  for  one  very  obvious  reason. 
Tbe  least  of  the  subjects  I  have  mentioned  would  require  on  evening 
to  itself  to  deal  with  it  in  the  merest  outline,  while  those  of  more 
importance  wonld  each  demand  a  long  course  of  lectures.  My  subject 
is,  ss  I  have  said,  the  limited  one  of  the  "  E.\plo8iun  of  the  gun  on 
board  the  '  Thunderer  ' ;  "  but  limitod  as  it  is,  I  feel  the  difficulty  of 
bringing  all  that  I  think  should  be  laid  before  you  within  the  com]>as8 

,  of  tba  hour  allotted  to  me. 

I  am  aware  the  remark  may  be  made.  What  more  con  yon  tell  us 
Um  we  can  discover  for  oiirselTcs  by  reading  the  report  of  the  Com- 
mittee? and  I  am  also  aware  it  is  just  i>088ible  there  may  be  some 
who  will  nrge  that  the  event  is  now  five  months  old,  and  the  interest 
in  it  has  therefore  died  out.  These,  however,  were  not  the  feelings  of 
tiis  Xanagers  of  the  Institution  (of  whom,  let  mo  say,  I  was  not  ono 
■t  tbo  time  it  was  suggested  I  should  deliver  this  lecture) ;  they  do 
not  believe,  and  I  do  not  believe,  that  the  interest  which  attached  to 
tbo  subject  has  died  out,  and  that  the  nation  is  no  longer  concerned 
in  tlic  iuvcstigatioD  of  an  occurrence  attende<l  with  such  grievous 

^  nmlts  tu  80  many  of  the  faithful  servants  of  our  Quocn,  and  the 
I  of  a  deeply  rooted  apprehension  that  the  armaments  in  which 
W6  tmat  arc  unworthy  of  that  trust,  and  might  not  only  fail  us  in 
tiw  bonr  of  need  by  refosing  to  act  against  the  enemy,  but  worse 
■tin,  might  side  with  that  enemy  by  inflicting  wounds  and  death  upon 
onnelreaL  Further,  Farliamcntory  pajiors  have  not  an  inviting 
appcaraooe,  and  I  think  it  not  improbable  that  but  few  of  those  who 


honour  mo  with  thoir  presence  to-uight  aro  in  tho  habit  of  readfi 
such  doomnonts,  or  if  they  are,  that  they  find  thorn,  in  tho  abeencej 
models  and  of  familiar  explanation,  readily  Intelligible.  Bearing  i 
these  considemtionB  in  mind,  it  appeared  to  me  that  a  plain,  d 
technical  acconnt  of  the  investigation  into  the  causes  of  the  explosi' 
by  one  who  took  part  in  it  from  first  to  last,  more  especially  if  tli 
aocoont  were  aided  by  diagrams  and  models,  would  not  be  nninterestt 
to  the  members  of  the  Itoyal  Institution,  and  might  not  be  wit*~ ' 
its  use  in  aHsisting  to  dissipate  any  fooling  of  doubt  as  to  tho 
of  our  artillery  which  still  lingered  in  the  minds  of  somo  who 
that  a  gun  had  exploded  on  board  the  '  Thunderer,'  but  who  did 
know  under  what  circumstances  that  explosion  had  occurred. 

Let  me  hero  say,  although  I  think  it  barely  necessary  to  do  i 
that  having  been  placed  by  tho  Admiralty  in  the  position  of  Assess 
to  tho  Committee  which  mode  the  investigation,  I  should  never  ha 
thought  for  one  moment  (notwithstanding  that  our  report  was  in  t 
hands  of  tho  public)  of  giving  this  hictnre  unless  I  hod  ascertain 
that  my  doing  so  would  meet  with  the  full  approval,  as  I  am  happy 
eay  it  does,  of  the  authorities  of  the  Admiralty. 

I  will  now  ask  yon  to  direct  your  attention  to  Diagram 
representing  a  longitudinal  section,  of  tho  38-ton  gun  which  e 
ploded.  This  gun  you  will  see  was  composed  of  six  pieces,  name] 
the  steel  tube  12  inches  in  boro,  and  16  feet  6  inches  long  internal] 
upon  which  at  tho  rear  end  is  shrunk  tho  wrought-iron  coiled  broo 
piece  ;  the  1  B  coil  shrtink  on  to  tho  tube  in  advance  of  the  broe 
piece ;  tho  B  tube  shrunk  on  to  tho  steel  tube  in  front  of  all,  ai 
forming  the  chase  or  muzzle  of  the  gun ;  the  G  coil  shrunk  outside  t 
broech  piece ;  and  tho  cascable  screw  in  rear  of  all.  Tho  trunuio 
by  which  tho  gun  is  supported  on  its  carriage  are  forged  in  one  wi 
tho  0  ooil.  It  will  be  observed  that  tho  ends  of  the  different  pai 
overlap,  and  that  at  these  overlapping  places  there  are  appropria 
recesses,  and  projoctiona  to  hook  into  those  recesses,  by  which  endwi 
connection  is  made  among  the  various  ports.  Similarly,  there  a 
certain  projoctious  on  tho  exterior  of  tho  stool  tube  itself,  whi* 
prevent  its  endway  motion.  The  tube  is  made  from  a  solid  ste 
forged  ingot,  which  is  bored  out  to  nearly  the  desired  size,  and  afb 
having  been  toughened  in  oil  (and  about  this  toughening  I  shall  hv 
Bomething  to  say  presently),  has  shrunk  upon  it  the  breech  piece  an 
1  B  coil  and  tho  B  tube  in  succession. 

You  will  observe  I  frequently  use  the  word  "  coil  "  when  speakin 

of  the  ouTolopoa  by  which  the  tube  is  surrounded.     They  have  th; 

name  because  they  ore  made  by  winding  bars  of  wrought  iron  of 

suitable  transverse  section  round  and  round  until  thoy  are  made  int 

gigantic  ringlets,  ringlets  very  closely  tvristod,  as  yon  will  soo  oi 

■  reference  to  Diagram  2.    This  rcproacnts  a  coil  lying  on  its  side  ;  it  ii 

I  turned  up  on  end  and  placed  iu  a  fumaco  to  be  boated.    The  doorwaj 

I  of  this  furnace,  I  may  say  in  passing,  is  large  enough  to  be  traversed 

I  by  a  full-Bizod  coach.     Here  the  heating  is  continued  until  the  wholt 
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bodj  of  the  iron  is  raised  to  the  fall  welding  point,  and  then  the  door 
baiag  opened  a  pair  of  tong8  nearly  GO  feet  long  and  weighing  in  them* 
■dfiM  as  mnch  as  22  tons,  grasp  the  coil,  withdraw  it  from  the  fomoce, 
and  place  it  on  the  anvil  of  a  40-ton  steam  hammer  which,  boating 
on  the  top  of  the  coil,  welds  each  convolution  to  its  neighbour,  and 
makes  that  which  was  before  but  a  ringlet,  into  a  tube.  It  will  be 
seen  from  the  foregoing  description  that  the  tibre  of  the  wrought  bar 
goes  roand  abont  the  gon.  After  the  forging,  the  coila  are  turned  in 
■  lathe  and  are  bored  to  snch  dimension  as  will  not  qnito  allow  of 
their  being  placed  when  they  are  cold  outside  the  steel  tube,  but  on 
being  suitably  heated  they  expand  8u£Scioutly  to  admit  of  the  tubo 
beang  inserted  within  them,  and  then  in  cooling  they  shrink  upon 
the  tnbe  and  embrace  it  firmly.  Similarly  the  0  coil  ia  shnrnk  upon 
the  breech  piece. 

This  making  of  the  rear  end  of  the  gun  in  two  layers  outside  the 
steel  tube  by  shriuldng  the  C  coil  upon  the  breech  piece,  is  not  done 
with  the  mere  object  of  reducing  the  weights  of  the  pieces  to  be 
handlod,  bnt  with  the  further  and  more  important  object  of  obtaining 
greater  aaaiBtanoo  from  the  metal  in  the  gim  to  resist  explosion.  I 
i«gret  fery  much  that  time  will  not  permit  of  our  investigating  this 
iateraBting  subject ;  I  will  content  myself  by  saying  that  if  there  were 
M>  eonntervailing  considerations,  the  gun  which  would  give  the 
graatest  strength  for  the  weight  of  metal  employed  in  it  would  be  one 
np  of  a  largo  number  of  very  thin  coils  shrunk  one  upou 
To  put  it  popularly,  if  the  outside  coil,  the  C  coil,  is  in  a 
of  tension  owing  to  shrinkage,  then  it  ia  on  its  guard  and  is 
pMfMred  to  assist  the  breech  piece  and  the  tubes  within  it  in  resisting 
the  ■trmin  produced  by  the  explosion ;  while  if  the  0  coil  were  not  in 
that  st*te  of  tension,  the  tube  and  the  breech  piece  might  be  split 
br  tke  WMsnre  before  the  strength  of  the  outer  coil  was  brought  to 
Hwir  AM.  Yon  will  see  from  the  diagram  that  tlio  extreme  diameter 
of  Uie  gun  is  as  much  as  57^  inches  ;  while  its  extreme  length  is  as 
HUdi  aa  19  feet  2  inches ;  its  weight,  as  wo  all  know,  is  38  tons ;  and, 
•■  I  have  said,  the  bore  of  this  gun  is  12  inches,  which  is  the  bore 
also  of  ita  fellow,  the  bore  of  the  other  38-ton  guns  in  the  servioa 
as  mnch  as  12^  inches. 

on  are  all  aware  that  the  modern  projectile  is  not  a  sphere,  bnt  a 
cylinder  with  a  pointed  end,  and  that  these  projectiles  are  from  2^  to 
3  diamotorfi  in  length.  The  cannon  ball  is  a  thing  of  the  past. 
Y"a  are  also  probably  aware  that  it  would  be  impossible  to  dioot 
eyliadriaal  pntjoctilos  of  these  proportions  for  even  a  short  distance 
wiUkOttt  the  risk  of  their  turning  sideways  and  of  going  anywhere  but 
•hare  they  wore  wanted  to  go,  unless  a  rotary  motion  were  given  by 
Ika  rifling.  Ton  will  observe  in  Diagram  1  the  rifle  groovea  are 
eommcncing  at  27^  inches  from  the  rear  end  of  the  bore  and 
to  the  muzzle.     There  are  nine  of  these  grooves,  each  of 

■  1^  inch  wide  by  \  of  an  inch  deep. 

IMagnun  S  represents  that  which  ia  called  a  "development"  of 
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the  interior  of  the  bore,  and  shows  the  nature  of  the  rifling. 
•oooont  to  yoursolves  for  the  appearance  proscntod  by  this  diag: 
I  will  ask  yon  to  imagine  that  the  bore  of  the  gnn  had  been  1 
with  a  paper  tnbe  on  which  the  rifling  has  been  drawn,  and  that  : 
the  tube  had  been  remorod  from  the  gun  and  slit  by  a  straight  lo 
tudin&l   cut  cxtondinf;  from  end  to  end,  and  opened  out   flat, 
suspended  on  the  wall  before  you.     This  would  exhibit,  as  Diogn 
does,  the  rifling  round  the  tube  when  developed  on  to  a  flat  sur 
Ton  will  observe  that   the  grooves,  where  they  conunence   at 
n«r  end,  are  parallel  with  the  bore  of  the  gun,  but  that  the; 
onoe  begin  to  depart  from  this  parallelism,  the  inclination  of 
parture  gradoally  increasing  to  the  very  muzzle,  at  which  point 
groove  is  a  portion  of  a  helix  of  such  an  inclination  as  would  i 
one  complete  turn  round  about  the  barrel,  if  that  l>arrol  were 
longed  fur  35  feet  beyond  the  muzzle.     It  is  technically  called  1 
in  35  calibres ;  and  the  calibre  being  in  this  instance  exactly  1 
the  inclination   is   equal,  as  I  have  said,  to  one   tarn  in  35 
Assuming,  therefore,  that  the  projectile  wore  moving  with  a  veh 
of  say  1400  feet  per  socond,  which  is  40  times  85  feet,  that  projo 
would  bo  spinning  on  its  axis  at  tho  rate  of  40  revolutions 
second. 

This  kind  of  rifling  is  called  tho  increasing  twist.  Diagra 
shows  rifting  of  a  uniform  twist — that  is  to  say,  tho  departure  1 
pAmllelism  is  as  groat  at  the  very  commeucemont  of  tho  rifling  a 
its  termination. 

In  tho  gun  under  consideration,  the  vent  through  which  the  ch 
is  ignited  is  at  12  inches  forward  of  tho  rear  end  of  tho  bore. 

I  need  hardly  tell  yon  that  all  tho  materials  used  in  our  gun! 
most  carefully  tested.  These  tests  are  directed  to  ascertain  not  i 
that  the  metal  will  support  a  certain  load,  carefully  and  gradu 
applied  to  a  specimen  of  a  standard  size,  before  rupture  ensues, 
also  to  ascertain  that  tho  metal  is  elastic  and  tough,  and  compe: 
therefore,  to  support  shocks.  Tho  elasticity  is  judged  of  by 
extension  which  a  sample  under  strain  will  afford  with  a  given  1 
such  extension  disapiKtaring  on  tho  removal  of  that  load.  The  toi 
noss  is  judged  of  by  tho  total  extension  occurring  before  rupture, 
by  the  ability  to  support  bending  without  fractare.  I  have  alr( 
said  that  tho  steel  tube  is  toughened  in  oil ;  this  toughening,  whio 
performed  by  heating  tho  steel  and  then  cooling  it  in  oil,  hg 
very  marked  effect  in  increasing  the  resistance  to  strain,  and  i 
in  increasing  tho  elastic  limit.  Speaking  generally,  when  the  s 
is  reduced  to  the  size  of  the  test  sample  before  Uie  toughening 
specimen  which  would  require,  when  nntoughened,  30  tons  per  squ 
inch  to  break  it,  will,  when  toughened,  require  45  tons,  while  tlio  elai 
limit,  which  in  tho  untoughenod  state  would  be  attained  by  a  strain 
alwut  15  tons  per  square  inch,  will  in  the  toughened  state  not 
reached  under  30  tons  to  the  sqtiaro  inch.  Samples  of  iron  and  st 
are  on  the  table,  and  an  examination  will  show  how,  before  ruptu 
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tber  became  dimiuiahed  in  sectional  area  as  they  were  polled  ont 
nader  the  strain. 

Having  now  described  the  gun,  I  will  ask  yonr  attention  to  the 
snbjcct  of  the  poicder  and  of  the  projectihii. 

I  do  not  propose  to  say  anything  about  the  chemistry  of  gun- 
powder, bnt  I  wish  to  make  a  few  observations  about  the  diScrcnocs 
which  arise  in  the  use  of  gunpowder  from  variation  in  the  size  of  the 
paiticlefl  or  grains,  and  to  explain  why  it  is  that  as  the  particles 
enlarge  the  combustion  is  slower,  and  as  it  may  be  said  takes  place  by 


With  respect  to  this  suggestion  that  powder  may  bum  by  degrees, 
I  remember  the  amusement  that  was  caused  by  Tom  Hood's  '  Report 
from  Below,'  where  Mrs.  Round,  the  washerwoman,  has  occasioned 
great  alarm  to  Mr.  and  Mrs.  B.  by  emptying  the  whole  contents 
of  Mr.  B.'s  powder-horn  into  the  fireplace  of  the  woshiiig  copper, 
in  order  to  clear  out  the  flue  and  stop  it  from  smoking.  Mrs.  Rouncl 
ia  rendered  insensible,  but  the  servant  who  escapes  and  rushes  up- 
■tein  to  give  an  account  of  the  occurrence,  does  so  in  the  following 
words : — 

■*  Ab  Mis.  Round  and  I,  morm,  was  a-«tanding  at  our  tuhs, 
And  Mrs.  Bound  was  eeoonding  what  littlo  thiDga  I  rube, 

*  Mar;,'  aaya  abe  to  mo, '  I  say,'  and  tbcro  she  slops  for  coughin', 
'That  dratted  copper  flav  bus  took  to  sninkiiifr  Ttry  often ; 
Bat,  pleuo  the  piga,'  for  that's  bur  way  of  tilklii^'  in  a  passion, 

*  I'll  Slow  it  up,  and  not  be  set  a-oonghin'  in  this  fashion.' 

80  down  she  takoe  my  master's  liurn  (I  mean  his  bom  for  loading), 

And  emptiea  every  grain  alivo  for  to  sot  tbo  flue  exploding. 

'  l«wks  I  Mrs.  Round,'  says  I,  and  stares,  '  that  quantum  can't  bo  proper ; 

I'm  aartin  sore  it  ne'er  can  take  a  pound  to  sky  a  copper.' 

Tlirra  words  seta  np  her  hack,  au,  with  her  bauds  upon  her  knoca, 

'  Afore  ever  yoa  woa  bom,'  says  she,  '  I  was  uihxI  tj  things  like  tlieae; 

I'll  put  it  in  the  flro  and  let  it  bom  up  by  degrees.' " 

At  the  time  this  poem  was  written,  everyone  was  prepared  for  tho 
CAtMtrophe  which, as  on  reading  it,  yon  will  find  did  occur;  and  oven 
now,  if  one  were  to  speak  of  powder  burning  up  by  degrees,  it  would 
rzoito  a  smile  ;  and  still  bettor  ground  was  there  for  amusement  when 
the  '  Report  from  Bolow '  was  written,  for  then  tho  largest-grained 
cutnon  jtowdcr  was  but  dust  as  compared  with  the  cannon  powder  of 
the  ureeont  day.  I  have  before  me  samples  of  tlieeo  powders,  the  very 
■nallest  of  which,  the  R.L.O.,  or  Rifle  Large  Grain,  is  of  goodly 
dimeanons,  while  tlie  P  or  Pebble  powder  is,  except  for  its  colour,  fit 
Id  fonn  a  gravel  path,  and  the  P'  powder  is,  as  you  will  see,  comixwcd 
of  "grains"!  which  measure  about  li  inch  in  each  direction,  and 
weigh  aomo  three  to  three  and  a  half  ounces. 

It  is  tolerably  easy  to  see  why  tho  combustion  of  powder  in  largo 
"  grains  "  should  be  slower  than  that  of  powder  when  the  particles 
are  email.  Althougli  powder  contains  within  itself  the  elements  nccoa- 
■ary  tor  its  combustion,  and  docs  not  ueed  therefore  tlie  presence  of 
air  to  bum  it,  nevortbeleae,  as  combustion  does  not  occur  imtil  a 
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certain  temperature  is  reached,  and  as  that  tcmperatnre  when  a  li(^ 
is  applied  to  powder  proceeds  from  the  oatsido  towards  the  centre  < 
each  grain,  it  is,  as  I  have  said,  easy  to  see  why,  if  a  pound  of  powdi 
bo  made  into  a  single  grain  of  about  8^  inches  cube,  and  beat  I 
applied  to  the  outside  of  such  a  grain  so  as  to  cause  ignition  to  tal 
^laoe,  more  time  will  bo  required  for  the  combustion  of  such  a  pool 
■tjf  powder,  owing  to  the  slowness  with  which  the  heat  would  trayi 
from  the  outside  to  the  centre  of  a  grain  of  these  dimensions  i 
the  powder  burnt  away,  than  would  be  required  if  the  pound  of  {lowdi 
were  made  into  16  grains  of  1  inch  cube  each,  and  those  were  sinia 
tanoongly  heated  on  their  exteriors  to  the  temperature  of  ignitioi 
And  following  this  up,  one  tmdoretands  readily  how  much  more  rapi 
would  be  the  burning  of  the  powder  if  the  same  weight,  instead  ( 
being  in  the  form  of  IG  cubes  of  an  inch  each,  were  in  the  state  ( 
thousands  of  small  grains.  In  short,  one  can  readily  see  why  it  i 
[that  the  larger  the  particles,  the  slower  the  combustion. 

I  need  hardly  say  that  the  oxprcsaions  quick  and  slow  are  bn 
comparative  terms,  and  that  oven  the  slowest  of  gunpowders  finishe 
its  combustion  in  what  is  popularly  called  "  no  time."  But  "  no  time 
though  it  bo,  the  unassisted  eye  can  reoilily  detect  the  difference  i 
the  rate  of  burning  due  to  variations  in  the  size  of  the  powder. 

I  will  now  ask  Professor  Abel,  who,  I  am  glad  to  say,  is  with  u 
to-night,  to  show  you  by  an  eijjerimcnt  which  he  has  kindly  prepared 
that  there  is  this  marked  diilcrencQ  in  the  rate  of  combustion  in  powde 
of  varying  sizes. 

I  will  next  endeavour  to  explain  in  what  way  it  is  that  the  slowe 
combustion,  while  etpally  efficacious  in  propelling  the  shot,  acts  les 
Bovorcly  on  the  gun. 

Wo  will  take  it,  that  the  object  to  bo  obtained  by  the  esplosion  o: 
powder  behind  a  projectile  in  a  cannon,  is  to  cause  that  projectile  t< 
issue  from  the  miizzlo  with  a  certain  velocity.  About  a  quarter  of  i 
mUe,  that  is,  1320  feet  in  a  second,  is  now-a-days  a  low  velocity 
I  have  already,  when  speaking  of  the  rifluig,  suggested,  by  way  ol 
illustration  a  speed  of  1400  feet  a  second;  but,  although  it  does 
not  immediately  concern  this  lecture,  it  may  Ih3  of  interest  to  remark, 
that  by  special  arrnngcmuuts  as  much  as  2265  feet  per  second  have 
with  a  projectile  of  IGO  lbs.  been  obtained.  In  the  present  instance, 
to  illustrate  that  which  I  wisli  to  convey  to  you,  I  will  ogain  assume 
a  speed  of  liOO  feet.  Such  a  velocity  would  be  produced  in  a 
falling  body  by  a  descent  (through  a  vacuous  space,  so  as  to  be 
unresiBted  by  air)  of  about  30,000  feet,  or  5|  miles,  and  the  stored- 
up  energy  in  a  projectile  moving  at  1-100  feet  would  be  equal  to  its 
weight  multiplied  into  the  height  through  which  it  must  fall  to 
attain  the  velocity,  that  is  to  say,  in  the  case  of  the  1400  feet  sup- 
posed, if  the  projectile  weighed  5  cvvt.  or  |  of  a  ton,  then  30,000  feet 
multiplied  by  a  ^  would  give  7500  foot  tons  as  tho  storod-up  energy. 
Now,  if  this  velocity  were  got  by  tho  action  of  gravity,  and  if  one  be 
allowed  to  leave  out  of  consideration  atmospheric  resistance  and  tho 
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resistuioe  of  friction,  it  would  be  a  matter  of  indifference  as  regards 
the  nltiinate  velocity  whether  the  shot  fell  perpendicularly  30,000  feet 
or  slid  down  a  (frictionless)  slope  of  no  umtter  how  gradual  an  incli- 
nation, or  whether  it  descended  by  a  curved  path,  so  long  aa  it  did, 
between  the  commencement  and  the  cud  of  its  joumoy,  traverse 
30,000  foet  measured  perpendicularly. 

To  illoBtrate  my  uieaniag,  I  will  ask  your  attention  to  Diagram  5. 
Here  the  straight  vertical  line,  Fig.  1,  represents  30,000  feet ;  if  the 
prqjeetile  were  to  fall  from  A  to  B,  it  would  at  B  attain  a  velocity  of 
1400  feet  in  a  second.  The  inclined  line,  Fig.  2,  represents  a  (friction- 
lea)  slope  of  an  angle  of  30°,  bat  baring  the  same  vertical  height 
«f  30,000  feet.  If  the  shot  were  to  slide  do^m  this,  its  velocity  at 
tlie  bottom  would  still  bo  I'lOO  feet  a  second ;  bnt  it  would  have 
required  double  the  time  to  attain  this  velocity,  because  it  would 
daring  its  passage  through  any  unit  of  length  in  its  descent  have  been 
rabjected  bnt  to  one-half  of  the  downward  impulso  that  it  would  have 
received  when  falling  vertically.  Fig.  3  shows  a  frictionless  concave 
curve  having  a  vertical  height  as  before  of  30,000  feet.  Again  the 
final  velocity  would  be  the  1400  feet  a  second  ;  but  the  time  occupied, 
while  greater  than  that  required  for  the  vertical  fall,  would  be  less 
than  that  needed  to  pass  down  the  slope,  because,  as  will  be  seen, 
Qia  early  part  of  the  downward  journey  is  made  nearly  vertically,  and 
Ihos  the  shot  has  already  attained  a  high  speed  before  it  reaches 
the  lower  and  flatter  ports  of  the  course  where  the  downward  impulse 
of  gravity  and  the  acceleration  aro  but  small.  Fig.  4  shows  a 
eoBvex  frictionless  curve  of  the  height  of  30,U00  feet.  In  this  case 
also,  when  the  shot  had  reached  the  bottom,  the  velocity  would  be 
th«  liOO  feet  a  second,  bnt  the  time  required  would  be  more  than  in 
■ay  of  the  preceding  cases,  because  the  first  part  of  the  journey 
it  made  upon  a  path  which  departs  bnt  gradually  from  the  horizontal, 
and  therefore  the  motion  of  the  shot  is  but  slow  while  traversing 
thia  first  part. 

A  oousideiation  of  these  four  figures  will  show,  that  so  long  as  a 
f>^ft'"  total  impulse  is  applied,  it  is  a  matter  of  unimportance  as 
nouda  the  velocity  when  produced,  whether  that  impulse  be  largo 
aid  nniform  and  needing  therefore  to  act  but  through  a  small  space 
aod  for  a  short  time  as  in  Fig.  1,  whether  it  be  less  and  uniform,  and 
aaeding  therefore  to  act  through  a  greater  space  and  a  longer  time 
aa  in  Fig.  2,  whether  it  bo  variable  as  in  Fig.  3,  where  it  is  great  to 
bagia  with,  and  becomes  less  towards  the  end,  a  condition  of  tilings 
IW^ilIiiiiH  comparatively  a  short  time,  or  whether  it  be  variable  as  in 
Fig.  4,  where  it  is  small  to  begin  with,  and  becomes  greater  towards 
llw  cod,  a  condition  demanding  the  longest  time  of  all. 

Now  thoao  propositions,  which  are  trno  when  a  body  is  caused 
bj  the  arction  of  gravity  to  attain  a  velocity  of  1400  foet  a  second, 
an  Mnally  true  when  that  velocity  arises  from  the  body  iKiing  im- 
paDed  by  a  force  vastly  superior  to  that  duo  to  the  action  of  gravity, 
apd  iMwdiag  ihorefuro  to  be  exeroiood  through  a  correspondingly 
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diminished  distance,  and  for  a  correspondingly  diminished  time.  Ti 
for  oxamplc,  tho  force  arising  from  the  combustion  of  gonpow 
and  applied  to  the  projectile  through  the  space  which  that  projet 
traverse's  in  the  bore  of  a  cannon,  and  applied  daring  the  short  i 
in  which  that  traTcrse  is  made. 

I  have  alroaily  told  yon  that  the  length  of  the  38-ton  bon 
16  feet  6  inches,  but  from  this  must  be  deducted,  say,  2  feet  for 
length  of  tho  cartridge,  leaving  about  14.^  feet  as  the  distance  thro 
which  tho  shot  moves  under  tho  infliiouce  of  the  powder  press 
Now  14 J  feet  is  the  jinrsth  part  of  30,000  feet;  therefore  the  avei 
pressure  on  a  projectile  while  traversing  this  1<1.^  fcot  must 
2069  timee  as  great  as  tho  weight  of  the  shot,  in  order  to  give  it 
great  a  velocity,  1400  foot  in  a  second,  as  it  would  have  attained 
falling  30,000  feet.  I  have  said  that  this  must  bo  tho  ave: 
pressure.  Obviously  as  regards  strain  tending  to  burst  the  gun, 
most  favourable  condition  of  things  would  bo  tliat  this  average  pres 
should  be  exercised,  but,  equally  obviously,  the  explosion  of  a  chi 
of  powder  is  not  a  means  by  which  such  an  average  can  be  attai 
To  put  it  popularly,  one  feels  that  the  explosion  of  the  chi 
in  the  small  space  which  it  occupies  between  the  rear  end  of 
tube  and  the  base  of  the  projectile  before  that  projectile  begin 
move,  must  give  rise  to  an  intense  pressure  which  will  grada 
die  out  as,  owing  to  tho  progression  of  tho  shot,  tho  space  beoc 
enlarged,  and  as  the  gases  are  cooled.  This  being  so,  and  S 
times  the  weight  of  tho  shot  being  needed  as  the  average  i)re8snr 
follows  that  as  the  final  pressure  falls  much  below  tho  average, 
commencing  pressure  mnet  be  greatly  above  it ;  and  it  is  this  g 
commencing  pressure  which  strains  the  gun  and  demands  tho  e 
mous  thicknesses  of  metal  which  you  see  surrounding  tho  pov 
chamber. 

I  believe  I  have  now,  by  what  I  fear  has  been  too  long  an  intro- 
tion,  prepared  tho  way  to  show  you  why  it  is  that  tho  largo-grain  a 
burning  powders  tax  the  resisting  power  of  the  gun  less  than  it  is  ti 
by  the  small-grain  and  rjuick-buruing,  for  it  will  readily  occur  to 
that  if  tho  chamber  be  occupied  by  largo  cubes  of  powder  w! 
begin  burning  from  the  outside,  and  in  this  begiuuing  of  bun 
generate  a  certain  pressure,  the  shot  will  commence  to  move,  and 
space  in  which  the  i>owder  gases  aro  confined  will  commence  to 
crease,  so  that  by  tho  time  tho  whole  of  the  powder  is  ignited 
chamber  will  Lave  become  larger,  and  thereby  the  intensity  of 
pressure  will  lie  rcducetl ;  while  if  the  powder  had  been  compose 
small  grains,  like  those  used  in  a  rifle,  tho  exidosion  of  tho  chi 
would   take  place  in  so  short  a  time  that  the  shot  would  not  1 
appreciably  moved  before  the  whole  of  the  charge  was  in  combust 
and  in  this  way  a  very  high  pressure  would  be  produce*!.     I  i 
mention  that  the  French  apply  to  this  emall-Bizod  jwwder  when  u 
in  cannon  tho  csprossivo  titlo  "  i>oudro  brutalo." 

Diagram  6  is  a  "  curvo  of  pressures."    Imagine  that  tho  horizoi 
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line  A  B  represents  the  length  of  the  bore  traToraed  by  the  shot,  and 
that  the  Tertical  linos  represent  tons  pressnre  per  sqnare  inch ;  and 
Mmmo  that  the  block  vertical  dotted  line  A  to  D  represents  2i  tons 
knd  is  the  maximam  pressure  arising  from  borning  the  charge  of 
{■cbble  powder,  and  that  this  prcssnro  is  maintained  for  a  very  short 
tims,  and  therefore  through  a  very  small  distance  as  represented  by 
the  Runmit  C  of  the  hillock  t«  wliich  I  now  point,  and  that  then  by 
the  increase  of  space  arising  from  the  moving  of  the  shot  and  by  tho 
oooling  of  the  gases  the  pressure  diminishes  imtil  when  the  shot  is 
leMTing  the  muzzle  of  tho  gun,  the  pressure  has  fallen  to  2^  tons  on 
the  square  inch,  as  represented  by  tho  height  B  E.  Tho  average  of 
these  varying  pressures  will  be  represented  by  the  dotted  line  x  y, 
and  will  be  found  to  be  about  5  tons  per  square  inch ;  which  pressnre 
when  applied  on  the  area  of  the  base  of  a  12-inch  projectile,  equals 
568  tons,  or  2069  times  the  weight  (as  I  shall  presently  have  occasion 
to  tell  yon)  of  tho  common  shell,  empty,  but  with  its  gas  check,  for 
this  gim.  The  maximum  strain  you  will  see  to  attain  this  average 
pranre  has  been  only  24  tons  to  the  square  inch. 

AsBome  next  that  a  quick-burning  powder  had  been  used,  and  that 
this  had  given  a  maximum  pressure,  as  shown  by  the  dotted  lino 
A  F,  of  30  tons  on  the  inch,  but  thot  this  pressure  had  continued  for 
>  rtill  shorter  time  and  for  a  less  distance,  as  shown  by  the  ])08itiou  of 
the  hillock  O,  and  had  then  fallen  until  at  tho  muzzle  it  retained 
ooly  the  pressure  expressed  by  B  N.  The  average  would  still  be 
rapresentod  by  the  line  x  y,  and  the  effect  in  propelling  the  shot 
ironld  be  jnst  tho  same  as  before,  but  the  gun  would  hnvo  been 
■trained  by  a  maximum  pressure  of  30  tons  per  inch,  instead  of  by  a 
nwri'"'""  pressure  of  only  24  tons. 

Although  Diagram  6  represents  the  varying  pressures  which 
propel  tho  projectile,  it  does  not,  until  after  the  maximum  pressure 
IS  reached,  that  is  to  say  it  does  not,  except  in  front  of  tho  point  of 
msziiniini  pressure,  represent  the  extent  to  which  tlio  gun  is  subjected 
to  these  pressures.  In  the  absence  of  wave  action  (to  which  action  I 
shell  have  to  refer  hereafter),  if  a  pressure  exists  at  tho  base  of  the 
dtot,  that  same  pressnre  must  prevail  throughout  tho  boro  of  tho  gun 
lo  the  ruer  of  tho  shot.  Diagram  6a  correctly  shows  the  strains  which 
flooM  npuu  tlie  gun  under  tho  conditions  of  propelling  pressure  repre- 
sented in  Diagram  C. 

FVom  that  which  I  have  just  been  saying,  you  will  be  prepared 
to  hear  that,  other  things  being  equal,  the  intensity  of  the  explosion 
is  iaerossed  when  the  space  occupied  by  tho  powder  is  diminished. 
la  prsetioo  tho  cartridges  are  mode  of  such  length,  that  every  pound  of 
powder  as  it  lies  in  the  gnn  between  the  base  of  the  projuctilo  and  the 
tmt  end  of  the  bore,  reposes  in  a  space  the  onbio  contents  of  which  are 
80  indies,  or  imther  more  than  the  contents  (27f  inches)  of  a  pomid  of 
mler,  and  if  the  cartridge  wore  made  of  double  the  length  and  of  cor- 
tenondtngly  Btt<.<nuatf><l  girth,  so  tliat  tho  powder  lay  with  practical 
wUbrmity  in  tho  cartridge  along  the  bottom  of  the  bore,  and  thus  each 
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pressure  per  inch  as  tbo  1x>re  of  tlie  gnn  is  recoiviDg  nt  the  pi 
where  the  gange  is  iiiscrtod,  and  in  this  way  the  piston  ia  subjected 
an  oatward  preggorc  oqnal  to  tbo  maximuin  pressure  per  square  is 
prevailing  in  that  port  of  the  gun  multiplied  by  the  area  of  the  e 
of  the  piston.  Ton  will  sec  that  the  only  thing  which  prevents  1 
piston  from  being  driven  outwards  under  this  pressure  is  the  cop] 
cylinder ;  but  this  cylinder  is  designedly  made  too  small  in  area 
support  the  pressure  without  being  shortened  and  thickened  out. 
trial  in  a  projier  machiuo,  where  the  pressures  ore  known,  the  be) 
vionr  of  similar  copper  cylinders  under  varying  loads  is  ascertain 
and  in  this  manner  on  examination  of  the  extent  to  which  the  oylin( 
has  been  shortened  by  tlie  pressure  in  the  gnn  gives  at  once  the  ini 
niation  needed,  namely,  what  that  pressure  hod  been. 

Reverting  to  Diagram  Ga,  I  will  now  state  that  this  shows  by 
full  lines  the  maximum  and  varying  pressures  which  have  bi 
ascertained  by  experiment  to  prevail  in  such  a  gun  as  that  wh 
burst  on  board  the  '  Thunderer '  when  using  85  lbs.  of  pebble  powc 
occupying  30  cubic  inches  to  the  pound.  You  will  remember  t 
the  maximum  is  24  tons  on  the  square  inch,  that  this  pressure  previ 
over  the  length  of  the  powder  chamber,  and  for  a  short  dista 
beyond,  and  that  then  the  pressure  drops  in  the  manner  indicated 
the  curvo<l  Hue,  until  ot  the  muzzle  it  is  only  2}-  tons  per  inch 
shown  by  the  vertical  line  B  E.  With  such  a  curve  of  pressures  i 
easy  to  ascertain  what  is  tho  strain  tending  to  burst  the  gun  at  i 
part  of  tho  boro ;  for  example,  nt  tbo  point  h  tho  pressure  would 
represented  by  the  vertical  line  h  i,  and  would  lie  found  to  be  10  t( 
while  at  the  point  m  it  would  bo  represented  by  the  line  m  n,  i 
would  be  found  to  bo  5  tons.  ' 

I  will  now  ask  your  attention  to  the  projecliIe»  used  in  these  gt 
Two  kinds  are  employed.    One  is  known  as  a  common  shell ;  i1 
a  hoUow  cylinder  of  ordinary  cast  iron,  terminating  in  a  oonoi 
point,  and  containing  within  it  a  very  considerable  bursting  chai 
Tliis  shell  weighs,  when  fitted  with  its  gas  check,  but  empty,  590  1 
and  to  propel  it  that  which  is  known  as  tho  full  charge,  nam 
85  lbs.  of  pebble  powder,  is  employed.     8uch  a  shell  would  bo  n 
to  ponetrato  armour  plating,  as  the  point  of  the  liholl  would  fail 
striking  tho  plate ;  but  if  proper  iron  (thnt  which  is  known  as  mott 
pig-irou)  bo  employed,  and  if  when  fluid  it  be  poured,  not  into  a  bi 
or  loam  mnuld,  but  into  a  mould  made  of  cost  iron,  tho  exterior  of 
casting  will  bo  rapidly  cooled  (chilled)  by  contact  with  tho  iron  si 
of  the  mould,  and  the  result  will  be  the  production  of  a  material 
cceding  in  hardness  tho  very  higliest  tempered  steel.    Such  a  projeo 
is  compoteut  to  penetrate  armour  plate  ;  and  if  time  admitted  I  sho 
very  much  like  to  go  into  tho  reasons  why,  but  I  must  abstain  fr 
so  doing.     Those  shells  contain  ouly  a  small  bursting  charge.     Tl 
weigh  when  empty,  but  with  their  gas  check,  as  much  as  700  II 
and  they  are  propelled  by  tho  battering  charge  of  110  lbs,  of  pebl 
powder.     Samples  of  the  actual  shells,  cut  ojicn,  are  before  you. 
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To  carnsc  tLe  ehellB  to  obey  the  action  of  the  rifling,  and  to  rotato 
oa  their  axes,  they  are  provided  with  as  many  rows  of  studs  as  there  are 
rifle  grooTes — namely,  nine  rows,  with  three  stads  in  each  row.  The 
itads  M«  secured  into  the  shells  in  the  following  manner.  Diagram  9 
ibom,  greatly  exaggerated  by  Fig.  1,  a  section  through  a  stud-hole. 
This  is  circular,  and,  as  you  will  see,  is  undercut ;  it  is  made  by  drilling 
out  •  parallel  hole,  as  represented  by  the  dotted  lines,  and  then  by 
istrodacing  a  tool,  a  samplo  of  which  I  now  show  you,  provided  vrith 
a  hinged  cnttcr,  which  projects  farther  and  further  as  the  tool 
descends,  until  by  the  time  it  has  reached  the  bottom  of  the  hole  the 
ptojection  is  sufficient  to  give  the  undercut  form  shown.  Fig.  2  repre- 
lilii  one  of  the  gun-metal  studs  placed  in  such  a  hole.  You  will  see 
tlia  stud  is  cylindrical,  but  that  the  bottom  of  it  is  cupped.  If  scTore 
|SiMiini  be  ^plied  to  the  top  of  the  stud,  the  cavity  of  the  cup  will 
be  flattened,  and  the  inverted  brim,  bo  to  speak,  of  the  cup,  will  be 
fwelled  outwards,  and  will  fill  up  the  countersunk  part  of  the  hole 
(see  Fig.  3),  and  in  that  way  it  will  be  securely  fixed  into  the  shell, 
without  the  possibility  of  becoming  unscrewed  or  detached. 

The  Palliser  chilled  shell  is  too  hard  to  admit  of  the  stud-holes 
dnlled  out ;  they  are  therefore  formed  in  the  act  of  casting,  by 
which  is  technically  known  as  coring — that  is  to  say,  sand 
into  a  box  the  shape  of  the  desired  hole ;  the  sand  is  then 
,and  becomes  a  plug  which  is  fixed  in  the  side  of  the  chill  mould ; 
\  Bietal  flows  round  about  the  plug,  and  when  the  metal  is  set  the  plug 
'is  cleared  away,  and  a  hole  of  the  form  of  the  box  in  which  the  sand 
ptagitaelf  wsis  made  is  left  in  the  costing ;  but  such  a  hole  will  not  have 
Ae  ■Booth  snrfaoe  of  one  that  has  boon  cut  out  by  a  drill.  Yoa 
I  before  yon  samples  of  the  cores,  samples  of  the  cored  holes,  and 
of  the  drilled  holes;  also  studs  which  have  not  yet  been 
into  a  hole,  and  a  number  of  studs  which  have  been  oom- 
some  into  drille<l  holes  and  some  into  cored  holes.  The 
sfMuawiice  of  the  parts  which  have  been  in  those  respective  classes  of 
MM  diiCars,  as  might  be  expected,  bearing  in  mind  that  the  one  class 
has  been  cat  out  so  as  to  be  smooth,  while  the  other  has  been  cored 
oit,  and  is  comparatively  rough.  The  difference  is  sufficiently  marked 
to  enable  one  to  say  which  of  the  stnds  have  been  in  cored  holes  and 
which  of  them  have  been  in  drilled  holes. 

The  projectiles  do  not  fit  the  bore  of  the  gun  accurately,  and  thus 
is  a  space  (a  vety  small  one,  it  is  true,  but  still  a  space) 
^r^Tg**  which  the  gases  from  the  ignited  powder  can  pass  between 
lh»  Ht^jeotile  and  &c  walb  of  the  bore.  This  escape  of  gas  causes 
a  njdit  decrease  in  the  useful  effect  of  the  powder,  but  is  more  preju- 
tfaiu  tat  another  reason,  namely,  that  the  high  velocity  at  which 
tiw  heatod  gases  pass  operates  injuriously  upon  the  bore  of  the  gun 
h{f  «ro«Bao  in  the  neighbourhood  of  the  boso  of  the  projectile.  To 
yMtast  this  escape  and  the  injury  arising  from  it,  the  base  of  the 
piejwitile  is  provided  with  what  is  known  as  a  "  gas^heck."  Revcri- 
ttfig  to  Fig.  9,  yoa  will  see  attached  to  the  base  of  the  shell  a  slightly 
Vou  tX.     (No.  71.)  R 
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bydreulically  from  withont  the  turret,  and  in  this  way  tj 
turret  gons  are  each  3  tons  lighter  than  the  guns  of  the  fore 

Diagram  12  shows  to  a  mnch  larger  scale  a  plan  of 
turret,  whore  B  reproseuts  the  right-hand  gun  and  L  the  i 
(the  one  which  burst)  ;  S  represents  the  centre  line  of  the  | 
loading  apparatus  and  P  the  centre  Une  of  the  port,  G  G  tht 
of  the  running  in  and  out  levers,  already  referred  to  in  Dia 
H  the  lever  of  the  hydraulic  locking  bolt,  I  the  lever  of  | 
lock,  K  the  handle  which  controls  the  engine  that  causes  thoj 
revolve,  and  the  numerous  small  circles  show  the  positions 
by  the  officer  and  ten  men  who  are  in  the  turret  at  the 
working  the  guns.  i 

Diagram  13  is  a  transverse  section  through  the  fore  tun 
ing  parts  already  described,  and  also  exhibiting  one  of  the] 
loading  gear*. 

As  you  are  aware,  in  a  ship  with  a  revolving  turret  the  Ii 
movement  of  the  gun  to  bring  it  to  boar  on  the  object  ail 
attained  by  causing  the  turret  to  move  in  one  direction  or  i 
Although  the  turret  is  31^  feet  diameter,  aud  weighs,  incln 
gons  within  it,  as  much  as  4.06  tons,  the  revolution,  which  ii 
special  stoom-engino  placed  btiucath  the  turret,  is  started,  sti 
reversed  with  the  greatest  ease  by  one  man,  the  captain  of  tl 
through  the  instnuuontality  of  the  handle  E.  This  same  I 
used  also  to  revolve  the  turret  so  that  the  two  guns  within  i] 
brought  into  a  fit  position  to  be  loaded  either  by  tho  pair  of  ] 
loading  cylinders  S,  on  tho  starboard  side,  or  the  pair  I 
port  side.  When  in  position  for  loading  it  is  necessary 
loading  is  cfiected  through  tubes  in  tho  side  of  the  turret, 
tho  time  of  loading  are  prolongations  of  the  bores  of  { 
the  guns  being  then  brought  into  such  a  position  as  to  "  Ii 
these  tubes — it  is  necessary  that  tho  turret  should  be  secure] 
This  is  effected  by  the  use  of  two  locking  bolts,  the  hydn 
and  the  deadlock  bolt.  The  liydraulic  bolt  is  one  which  bcin 
outwards  by  a  yielding  pressure,  that  of  water  from  the  acci 
can  be  safely  protruded  to  lock  while  the  turret  still  has  soin 
upon  it.  This  "  way  "  is  checked  by  the  bolt  without  injuri( 
and  tho  turret  is  brought  to  rest  so  near  to  tho  desired  spot 
deadlock  bolt  worked  by  the  handle,  1,  can  be  introduced. 

AssumLog  tho  turret  to  be  brought  into  position  suitable  i 
the  loading  gears,  the  muzzles  of  the  guns  are  depressed,  oi 
see  is  shown  in  Diagram  13,  until  they  ai-e  in  a  lino  with  th 
tubes  already  mentioned,  which  loading  tubes  pass  through  t 
DOBS  of  the  walls  of  the  turret  in  an  iucluied  direction,  and  a 
so  low  down  as  to  be  just  beneath  the  upj)or  dock.  When 
are  thus  depressed  and  tho  tiurot  locked,  a  visible  signal 
from  within  tho  turret,  by  means  of  a  "  tell-tale,"  to  tht 
crew  who  are  between  decks  outside  the  turret,  "  Sponge  ai 
whereupon  these  men  proceed  in  the  following  manner.   The 
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and  loading  apparatns — for  thejr  are  one  and  the  same — is  hydranlio, 
and  consists  of  an  incline<l  cylinder  bo  placed  on  supports  as  to 
have  its  centre  upon  the  prolongation  of  an  imaginary  line  passing 
through  the  axis  of  the  gun  when  in  the  loading  position.  Within 
this  cylinder  is  contained  a  plunger,  which  is  hollow  and  has 
within  it  a  second  plunger,  bo  that  the  cylinder  with  its  two 
plungers  may  be  likened  to  a  threefold  telescope.  The  inner  plunger 
carries  on  its  end  a  head  (the  rammer),  which  is  surrounded  by  the 
sponge,  not  an  actual  sponge,  but  a  sponge-like  fabric  ;  the  Lead  ia 
hollow,  and  is  supplied  with  water  under  pressure  by  being  in  con- 
nection with  B  hole  which  extends  along  the  centre  of  the  plunger ; 
the  front  of  the  head  is  provided  with  a  little  valve  opening  inwards 
and  kept  closed,  therefore,  by  the  pressure  of  the  water.  There  is  a 
■mall  pin  on  the  front  of  this  valve,  which  projects.  This  being  the 
eoDstruction  of  the  apparatus,  the  action  is  as  follows.  The  man  in 
charge  moves  the  lever,  and  thereby  admits  water  under  pressure  into 
the  cylinder  of  the  rammers,  which  water  drives  out  the  plungers,  and 
almost  always,  as  it  possesses  the  greater  area,  the  large  plunger  starts 
first  and  goes  outwards  (until  checked  by  a  stop),  carrying  with  it  the 
smaller  plunger  and  the  head  well  up  into  the  bore  of  the  gun,  and 
then  the  smaller  plunger  starts  out  under  the  influence  of  the  pressure, 
and  continues  the  carrying  of  the  head  forward  until  it  reaches  the 
end  of  the  bore,  when  the  pin  on  the  little  valve  strikes  the  rear  end 
cf  the  bore,  opens  the  valve,  so  as  to  allow  the  water  to  escape,  to 
«B«h  cot  the  gun  and  to  saturate  the  sponge  cloth.  The  lever  is  then 
reveraed,  the  water  pressure  is  made  to  act  upon  certain  annular 
wattaaes  round  about  the  plungers  and  in  the  reverse  direction,  and  in 
Una  way  the  telescope  shuts  up,  withdrawing  the  bead  from  the  gun. 
Two  men  then  lift  Uie  cartridge  and  put  it  into  the  loading  tube.  The 
projectile  has  been  previously  brought  in  a  truck  and  placed  on  the 
platform  of  the  hydraulic  lifting  gear,  and,  the  cartridge  being  in,  the 
lever  is  moved,  which  admits  water  pressure  into  a  vertical  hydranlio 
cylinder,  and  thereby  raises  the  plunger  within  it,  carrying  upwards 
th«  platform,  the  truck,  and  the  projectile  to  a  definite  position  which 
i*  0O6  that  places  the  projectile  in  the  exact  line  of  the  bore. 

A  papier-mAohe  disc  wad  is  next  put  upon  the  rammer  head.  Yea 
will  see  the  wad  consists  of  a  disc,  of  a  tubular  socket,  and  of  a  collar 
lonad  about  that  socket  The  wad  is  bold  in  ]>lace  by  the  socket, 
being  received  into  a  cavity  provided  for  it  in  the  rammer  huod,  while 
Ibe  collar  keeps  the  back  of  the  disc  away  from  the  head  and  from 
prewing  on  the  pin  of  the  water  valve,  and  thus  prevents  the  pressure 
«gnrlad  in  ramming  from  opening  that  valve  and  deluging  the  gun 
wkik  loading.  A  wad  is  wanted  for  two  reasons  :  one,  thu  ordiimry 
oas,  tiiat  the  ship  may  not  in  rolling  cause  the  prujoctilc  to  move  in 
dM  gun  ;  for  this  purpose  wedge  wads,  of  which  I  show  you  a  sample, 
btv»  long  been  nsed.  You  will  see  that  this  wedge  wad  consists  of  a 
laig*  anmber  of  hard  wooden  wedges  strung  upon  a  rope,  made  np 
iaio  ■  ring  just  aoited  to  go  inside  the  bore,  so  that  the  wedgos  may 
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be  introdnoed  with  thoir  points  between  the  shot  and  the  gun,  and 
rammed  hard  home.     The  second  porposo,  and  the  unusual  parpc 
for  which  a  wad  is  required  in  the  case  of  the  38-ton  guns  of  t 
'  Thunderer,'  is  to  make  sure  that  the  projectile  shall  not  return  doA 
the  inclined  bore  of  the  gun  on  the  withdrawal  of  the  rammer. 

I  have  told  you  that  the  muzzle  of  the  gim  is  inclined  downwar 
when  loading,  but  I  have  not  yet  stated  the  angle:  it  is  11^''.  and 
may  say  that  very  careful  experiment  on  board  the  '  Tboudcrc 
piOTod  that  this  angle  is  as  nearly  as  possible  the  angle  of  repose 
a  projectile  lying  on  the  bore  of  the  gmi. 

In  several  cases  the  rammer  on  being  very  quietly  withdrawn,  w 
not  followed  by  the  projectile ;  in  other  cases  it  was ;  but  in 
instance  were  more  than  some  7  or  8  lbs.  needed  to  uphold  t 
projectile  with  absolute  ccrtajnly.  As  regards  the  cartridge,  t 
inclination  must  be  much  greater  before  that  will  commence  to  eli 
down  the  bore  ;  we  made  careful  experiments  with  cartridges  put 
loosely  and  with  cartridges  rammed  home,  and  wo  found,  speaki: 
roundly,  that  some  45  to  50  per  cent,  of  the  weight  of  the  cartrid 
was  needed  in  direct  pull  to  keep  the  cartridge  moving  down  the  Ik 
at  this  inclination.  The  suggestion  that  the  cartridge  has  at  any  tu 
slipped  down  the  bore  when  once  rammo<l  home,  or  even  when  oe 
placed  home  loosely,  is  entirely  unwarranted,  as  the  makers  of  sncl 
suggestion  would  very  soon  find  if  they  were  to  perform  the  simj 
experiment  of  trying  to  pull  the  cartridge  down  the  inclined  bo 
But  althongli  there  is  not  the  slightest  ground  for  fearing  that  t 
cartridge  would  slip  down,  there  is  great  probability  that  the  pi 
joctilo  would  do  60,  and  therefore  it  becomes  noccsBory,  irrespective 
the  question  of  the  ship  rolling,  to  use  a  wad.  AJssuiiiing  as  soi 
have  done  that  one  of  thcHo  guns  can  be  burst  by  means  of  a  wc 
I  would  ask  you  which  of  the  two  wads  is  the  more  dangcwrt 
the  old  wooden  wedge  wad,  where  the  points  of  the  wedge  are  driv 
in  between  the  projectile  and  the  walls  of  the  bore,  or  the  papi« 
mfiehe  disc  wad,  which  is  not  inserted  between  the  projectile  and  t 
wolls  of  the  bore  ot  all,  but  is  merely  retained  in  the  gun  by  t 
pressure  around  the  edge  of  the  disc.  The  clTect  of  this  pressu 
can  bo  overcome  (as  we  ascertained  by  direct  experimoiit)  by  nothu 
short  of  the  force  of  8  to  10  men  pulling  directly  at  the  wad. 

That  which  1  have  hod  to  say  about  the  wail  has  boon  so  lengtl 
I  fear  you  may  have  forgotten  that  wo  left  the  cartridge  in  tjio  loadii 
tube,  and  the  projectile  elevated  in  a  line  with  the  bore  waiting  to  ' 
rammed  in  ;  this  ramming  in  is  effected  by  a  similar  movomcnt  of  tl 
lever  to  that  which  was  employetl  in  the  sponging.  The  telcsco) 
again  shoots  out  and  the  head  goes  into  the  gun  ramming  before  it  tl 
wad,  the  projectile,  and  the  cartridge.  You  will  have  remarked  thi 
owing  to  the  larger  plunger  of  the  two  moving  first  and  then  comin 
to  a  stop  when  the  ramming  homo  is  by  no  means  complete,  that  it  i 
inipoBsiblo  to  Kee  from  any  mark  on  the  rammer  how  far  the  hood  ht 
advanced  into  the  gun  after  the  first  joint  of  the  rammer  has  come  t 
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rest.  The  information  that  the  charge  ia  home,  is  afforded  andibly, 
hy  the  concnssion  arising  from  the  striking  of  the  cartridge  against 
the  end  of  the  bore,  and  the  position  of  the  rammer  is  indicated 
risihly  by  a  hand  made  to  revolve  on  a  dial  by  means  of  a  line 
attached  to  the  rammer  head. 

When  the  gmi  is  loaded,  those  in  charge  of  that  operation  give 
alao  a  visible  signal  by  a  tell-tale,  to  the  crew  within  the  turret : 
"  Left  gun  ready, '  or  "right  gun  ready,"  as  the  case  may  bo.  The  gun 
is  then  raised  from  the  depressed  position,  is  run  out  by  the  hydraulio 
apparatus  through  the  port,  and  is  adjusted  as  to  level  for  firing,  the 
tarret  is  unlocked  and  is  revolved  until  the  gun  bears  upon  the  object, 
and  then  the  gun  is  fired.  This  firing  may  be  done  cither  electrically 
or  by  hand  :  in  either  cose  a  tube  is  inserted  into  the  vent ;  this  tube 
eontoins  powder  closely  rammed,  and  there  is  a  composition  in  its 
head  wliich  in  the  case  of  electrical  firing  is  ignited  by  an  eloctrio 
•pork  conveyed  through  a  wire  coupled  up  to  another  small  wire 
which  yon  see  projecting  from  the  head  of  the  tuba 

Electrical  firing  is  used  to  give  a  Bimultoueons  discharge  from  all 
the  guns,  so  as  to  concentrate  their  fire  upon  the  object  aimed  at. 
When  electrical  firing  is  employed,  the  whole  ship  becomes  the 
gnn  carriage  and  the  firing  is  dune  not  by  the  officers  in  the 
tniret,  but  from  the  "  conning  "  tower;  to  a  key  in  which  the  wires  are 
flonnccted.  When  the  officer  in  the  conning  tower  sees  by  the  aid  of 
■a  inBtniment,  the  "  Director,"  which  he  has  there,  that  the  guns  are 
beuing  on  the  object,  he  depresses  the  key,  and  thus  if  no  misfire 
(akoe  place  delivers  a  concentrated  broadside.  In  the  other  mode  of 
fixing  the  guns,  the  composition  in  the  hood  of  the  tube  is  ignited  by 
a  friction  arrangement ;  this  is  put  into  operation  by  pulling  a  lanyard, 
and  there  is  a  ctjntrivanoe  by  which,  if  desired,  both  the  lanyards  is 

tarret  con  be  pulled  simultaneously. 


Having  now  described  to  yon  the  construction  of  the  gun,  the 
■ode  of  loading,  and  other  matters  necessary  to  be  described  in  order 
to  place  you  in  a  position  to  a]>])rcciate  what  occurred,  I  will  briefly 
DMimte  the  circumstances  attendant  on  the  working  of  the  guns  on  the 
Snd  of  January  last. 

The  two  guns  of  tlio  fore  turret  and  the  two  in  the  after  turret 
Mch  Icmdod  with  a  battering  charge  of  110  lbs.  of  pebble 
and  with  a  PiJliser  shell,  empty,  the  two  guns  of  the  fore 
having  in  addition  disc  wads.  In  the  after  turret  the  naval 
vadlgB  wad  was  not  used,  as  the  guns  were  loa<led  in  a  horizontal 
Btioo,  and  the  sea  b(>ing  smooth  there  was  no  fear  of  the  projectile 
■Bg  ohiflett  by  the  rolling  of  the  voesel. 
All  four  guns  were  primed  with  electric  tubes,  and  were  to  be 
diaeliArged  as  an  electric  broadside,  the  discharge  being  effected,  as 
•Iraady  stated,  by  the  depressing  of  the  key  in  tlie  conning  tower.  On 
Ike  deproMion  of  the  key  on  this  occasion,  beyond  all  question  there 
wu  •  Dxiafiro  as  regards  one  of  the  two  guns  of  the  after  turret. 
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I  say  beyond  all  qnestioD,  because  the  charge  was  sabeequenti 
"  wormed  "  out  of  the  gun,  and  the  torn  cartridgo,  with  its  1 10  lbs.  i 
powder,  was  thrown  oTorbo&rd.  The  Gomniittee  say,  and  I,  tl 
aaaeBSor  to  that  Committee,  say  that  there  was  a  similar  misfire  i 
regards  the  left-hand  gun  of  the  furo  tnrret,  the  one  which  aftorwari 
burst.  Following  the  electric  broadside,  the  onlor  was  given  f 
independent  firing,  that  is  to  say,  each  gun  was  to  be  fired  by  itso! 
and  the  firing  was  to  take  place  while  the  turrets  were  revolvin 
The  charge  was  to  bo  the  "  full  charge "  of  85  lbs.  pebble  powdc 
and  an  empty  common  shell.  This  was  inserted  into  the  left  gi 
of  the  fore  turret.  The  gun  was  raised  and  run  out  to  its  firu 
position,  was  fired,  and  burst,  with  the  disastrous  results  we  i 
but  too  well  know ;  and  I  now,  at  this  late  period,  come  to  the  re 
object  of  my  lecture,  the  consideration  of  what  it  was  that  caused  t) 
explosion. 

I  should  like  to  deal  with  this  subject  in  the  manner  in  which  ti 
Oommittee  hnvo  dealt  with  it ;  that  is,  I  should  Uko  to  review  ai 
dispose  of  all  the  suggestions  which  have  been  put  forward  other  thi 
the  true  one  before  considering  that  true  one  itself,  but  I  must  not  1 
tempted  into  following  this  courso,  ns  I  woll  know  if  I  do  the  clo< 
will  sound  the  end  of  the  hour  allotted  for  this  lecture  before  I  ha 
reached  the  true  cause. 

I  will  refer  you  to  Diagram  14,  wliich  shows  the  external  appca 
anoe  presented  by  tho  ruins  of  the  gun  when  brought  t<5gether,  and 
Diagram  15,  which  represents  the  interior  of  the  splinters  of  the  ste 
tube  that  have  been  found,  when  also  laid  side  by  side  in  their  prop 
juxtapositions.  This  last  diagram,  you  will  see,  is  like  tho  diagran 
of  the  rifling,  a  "  development,"  that  is  to  say,  as  I  eiplainetl  to  yc 
in  speaking  of  those  diagrams,  it  givos  a  roprosontatiou  of  that  whii 
woidd  appear  if  a  picture  made  on  a  paper  tube  were,  by  tho  cuttii 
open  of  the  tube  from  end  to  end,  to  be  laid  out  flat. 

I  will  ask  your  particular  attention  to  splinters  1,  2,  and  3,  as 
to  their  left-hand  ends,  which  represent  tho  ends  where  they  joint 
the  piece  of  stool  tube  remaining  in  the  breech  coil :  you  wiU  see 
shaded  mark  upon  each  of  them  at  the  left-hand  end,  which  wi 
caused  by  an  abrasion  extending  here  across  the  splinters,  and  mat] 
at  an  angle  to  the  surface  of  the  tube. 

Diagram  16  shows  a  longitudinal  section  through  splinter  1,  an 
through  splinter  13,  which  is  one  of  the  splinters  forward  of  1,  and  i 
shows  them  in  the  position  and  under  circumstances  which  aocoun 
for  tho  abrasions  on  the  left-hand  ends  of  I,  2,  and  3,  and  for  simila 
but  reverso  abrasions  on  tho  front  piece  13. 

An  inspection  of  the  remains  shows  clearly  that  the  centre  of  th* 
explosion  was  at  the  point  A,  the  former  point  of  union  betweei 
splinter  1  and  tho  pieces  wliich  wore  in  continuation  rearward  oi 
splinter  13.  With  A  as  the  centre  of  the  explosion,  the  eft'cot  would 
have  been  as  shown,  to  bulge  the  gun  out  at  that  part,  and  thug 
to  break  away  the  left-hand  ond  of  splinter  1  from  the  part  of  the 
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tobe  remainiiig  in  the  breech,  and  to  do  so  by  making  the  corner  B  of 
the  breech  piece  into  a  falcrnm.  On  this  happening,  the  left-hand 
comer  of  splinter  1  would  be  raised  above  the  gcnoral  line  of  the 
bottom  of  the  bore,  and  thus  if  any  part  of  a  projectile  were  at  that 
moment  in  the  rear  of  the  splinter,  that  projectile  conld  not  pass 
forward  without  abrading  away  the  protruding  comer  of  the  splinter, 
and  this  is  precisely  what  has  happened. 

And  I  will  tell  yon  what  is  the  proof  that  the  marks  on  these 
splinters  1,  2,  and  3  must  have  been  made  by  a  projectile  iu  motion, 
and  not  by  accidental  collision  with  any  hard  substance  after  the 
explosion  occorrod.  Pieces  1,  2,  and  3  form  among  them  about  ono- 
b*lf  of  the  circumference  of  the  12-inch  tube,  and  therefore,  being 
hollow,  they  could  not  be  uniformly  marked,  as  we  now  see  they  are, 
by  anything  except  a  convex  body  of  the  same  diameter  of  12  inches. 
Is  it  credible  that  these  three  pieces  each  of  them  hap{)cned  to 
strike  in  its  flight  some  cylindrical  body  of  12  inches  diameter,  the 
axia  of  which  was  in  an  exact  alignment  with  that  of  the  concave 
ourre  of  the  fragment  at  the  time  of  impact  ?  I  venture  to  say  it  is 
impossible,  and  that  no  other  explanation  can  bo  given  of  these  marks 
than  that  the  pieces  were  tilted  so  as  to  form  parts  of  a  cone,  the  base 
being  at  A,  and  that  while  thus  tilted  a  projectile  passed  by  them. 
An  examination  of  the  marks  shows  that  the  abrasion  was  in  tho 
direction  of  tho  motion  of  the  projectile. 

Farther,  I  will  now  show  you  why  it  is  impossible  that  these  marks 
could  have  been  made  by  something  protruding  from  the  projectile. 
They  oommonoe  at  tho  left-hand  end  of  tho  splinters  1,  2,  and  3  :  tho 
remftiiiB  of  the  tube  from  which  these  splinters  have  been  parted  are 
abeolotely  free  from  mark :  had  the  marks  on  1,  2,  and  3  been  made 
while  they  were  in  one  with  the  rest  of  the  tube  forming  part  of 
a  cylinder,  it  is  clear  that  follow  marks  must  have  been  found  on 
the  tube  \X8fM..  There  are  no  such  marks,  and  only  one  conclusion 
can  bo  drawn,  and  that  is,  that  tho  marks  are  not  due  to  any  protrusion 
from  the  projectile,  but  owe  thoir  origin  to  the  canting  of  the  splinters 
L,  2,  and  3,  and  to  this  canting  having  brought  their  left-hand  top 
ooraers  above  the  lino  of  the  bore,  so  as  to  necessitate  the  abrading  of 
Uieae  comers  (at  the  angle  at  which  they  have  been  abraded)  to  allow 
of  the  passage  of  the  projectile. 

There  may  be  some  of  you  who  wUl  say,  if  the  point  B  were  used 
as  tho  fulcriun  for  tho  enormous  strain  required  to  tear  the  splinter 
away  from  the  part  of  the  tube  remaining  iu  tho  breech  piece,  that 
fulcrum  being  of  a  soft  material,  wrought  iron,  must  exhibit  signs  of 
Iho  pressure  to  which  it  has  been  subjected ;  and  I  may  tell  you  that 
it  does  exhibit  these  signs,  and  in  tlio  most  unniistakablo  manner.  It 
is  literally  bell-moutbcd  by  tho  proKsuro  tliat  has  b«>on  exerted  upon 
it,  and  there  oro  distinct  proniiueucos  left  iu  this  bell-mouth  between 
the  parts  where  the  splinters  of  tho  tube  pressed. 

f  will  now  ask  yon  to  turn  your  attention  to  splinter  13.  If  this 
were  abraded,  it  should  be  at  tho  right-hand  end,  and  tho  direction  of  ] 
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tbo  bevel  kLouUI  be  tho  opposite  of  that  of  the  abrasion  on  splinter  1 ; 
and  that  which  should  be,  is,  for  splinter  13  is  thus  abraded,  as  shovni 
at  C,  and  tlie  abrosidn  boH  l)een  made  by  a  cyliudrical  body  moving 
with  cnonnous  rapidity  ;  that  is  to  say,  by  the  projectile  which  had 
previously  abrodod  the  loft-lmiid  end  of  splinter  1. 

These  indicutioiis,  in  tho  judgment  fpf  tho  Cuniraittoo,  ond  I  trust 
in  your  judgnifiit,  prove  to  demonstration  that  at  tho  time  of  the 
explosion,  tho  centre  of  effort  of  which  was  at  the  jjoiut  A,  a  projectile 
was  to  the  ri'ar  not  only  of  A,  but  as  regards  some  part  of  it  at  least 
to  the  roar  of  tho  left  hand  of  splinter  No.  1.  But  if  that  projectile 
were  tho  common  shell  that  had  just  hocu  loaded  into  the  gun,  its 
85  lbs.  of  powder  must  have  been  in  its  rear,  and  therefore  G  to  7  feet 
away  from  the  seat  of  tho  explosion.  If  this  had  been  so,  what  force 
was  it  that  produced  explosion  in  a  part  of  tho  gun  in  advance  of  the 
proji*tile,  and  where,  according  to  the  suggestion,  there  was  nothing 
but  atmospheric  air  ? 

I  leave  it  to  those  who  say  there  was  but  the  single  charge  in  the 
gun,  to  give  a  satisfactory  answer  to  this  question,  and  in  the  mean- 
time I  will  offer  to  your  consideration  the  hypothesis  of  the  dutiblc- 
Iftadinrj  —  an  hypothesis  which  fulfils  every  nccesRary  condition. 
Probably  the  best  way  of  showing  to  you  how  exactly  it  does  fulfil  these 
conditions  will  bo  to  make  use  once  more  of  our  iliagrivm  model.  No.  13. 
This  model  has  already  been  loatkid  with  tho  battering  charge  of 
110  lbs.,  and  the  I'allifier  shell  with  its  gas  check  and  wad  ;  and  I  will 
take  it  that  at  tho  electric  broadside  there  was,  ns  regards  the  gun  this 
model  is  intended  to  represent,  a  misfire ;  that  this  circnnistanco  not 
being  known,  tlio  gan  was  depresBCil  to  the  loatling  position,  and  that 
tho  order  was  given  (by  tho  tell-tale)  from  those  within  the  turret  to 
those  without  to  sponge  and  load,  whereupon  they  sponge  out,  they 
put  in  the  S5-lb.  charge,  the  common  shell  in  front  of  it  with  its  gas 
cheek  and  wad,  ajid  then  send  in  tho  signal,  "  CJun  loaded."  Look  at 
it  when  thus  doTiblo-looded,  and  observe  where  tho  85  lbs.  of  powder 
aixi  in  reference  to  tho  seat  of  the  centre  of  the  explosion,  a  little  to 
the  rear,  but  not  more  than  would  be  rectified  by  tho  very  first  move- 
ment forward  of  the  Palliser  shell  (see  A',  Fig.  17).  Now  imagine 
the  110-lb.  charge  igaited,  tho  flash  from  it  passing  along  the  rifle 
grooves  outside  the  gas  check  to  tho  85  lbs.  in  front,  and  igniting  this 
85  lbs.  placed  between  a  common  shell  weighing  590  lbs.  in  front,  and 
tho  PolliBer  shell  of  700  lbs.  in  tho  rear,  and  being  urged  forward  at 
that  time  by  tho  commencement  of  tho  oiplosiun  of  the  1 10  lbs.  of 
powder,  and  thereby  compressing  the  85-lb.  charge  into  the  smallest 
possible  space,  and  it  may  be,  as  suggested  by  Professor  Osborne 
Reynolds,  generating  as  much  heat  as  would  have  ignited  tbot  powder, 
even  in  the  absence  of  tho  flash  along  tho  rifle  grooves. 

You  will  remember  how,  in  an  early  part  of  this  lecture,  I  pointed 
out  to  you  that  the  diminution  of  tho  space  occupied  by  the  powder 
added  to  tho  intensity  of  tho  explosion,  and  also  how,  if  you  could 
imagine  powder  heated  throughout  to  nearly  tho  exploding  point, 
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60  that  it  would  be  ignited  all  at  once,  the  intensity  would  be  at  a 
maximum,  in  fact  a  dutonation  would  take  place.  ThiH  is  what  well 
may  have  happened  under  the  circumstances  occurriug  hero  ;  but  even 
in  the  abec^nco  of  such  additiuns  to  the  ordinary  force  of  the  explosion, 
you  have  but  to  look  at  the  proportions  of  that  part  of  the  gun  where 
the  85-lb.  charge  was  at  the  time  of  its  explosion,  to  see  that  those 
proportions  could  not  withstand  the  pressure  arising  from  even  a  com- 
mon ignition  of  that  weight  of  powder.  Bcferring  also  to  Diagram  6a, 
the  curve  of  pressures  in  the  gun,  you  will  see  that_^the  maximum 
pressure  which  comes  on  tliis  part  of  the  gun  in  ordmory  use  is  only 
some  4  to  5  tons,  instead  of  the  24  tons  which  would  arise  &om  the 
ordinary  explosion  of  85  lbs.  of  pebble  powder. 

Diagram  17  is  intended  as  a  rough  representation  of  what  took 
place  when  the  hinder  charge  was  fired  with  the  other  charge  in  front. 

There  is  a  further  evidence  that  at  the  time  the  gun  exploded  the 
Pklliser  shell  was  stiU  in  it,  and  that  is  that  which  is  ofTurdcd  by  a 
stud  which  was  picked  up  in  the  turret, 

I  have  explained  to  you  the  difference  between  the  modes  of 
making  the  holes  in  the  common  shells  and  in  the  I'olliscr  shells. 
The  Pallisers  are  cored,  the  others  are  made  with  a  cutter ;  as  a 
roralt,  studs  when  token  out  indicate  by  their  appearance  whether 
they  have  been  in  a  Falliser  shell  or  in  a  common  one. 

The  stud  which  was  picked  up  is  much  battered,  but  enough 
remains  to  cause  all  those  who  see  it  and  who  are  acquainted  with  the 
subject  to  say  it  is  a  Polliscr  stud,  and  that  it  is  so  is  now  further 
corroborated  by  the  fact  that  even  although  some  pieces  have  been 
knocked  away  from  the  stud,  its  weight  is  stUl  slightly  in  exoces  of  j 
that  of  a  similar  and  perfect  stud  from  a  common  shell. 

Now  it  must  bo  remembered  that  this  stud  could  not  have  been 
accidentally  in  the  turret.  In  the  first  place,  owing  to  tho  manner  in 
which  the  studs  are  fixed  in  the  shells,  it  is  practically  impossible  for 
Ihem  to  come  out ;  and  in  the  next  place,  the  gun  is  loailod  from  the 
outside  of  the  turret,  and  a  shell  is  never  inside  tho  turret  at  all  except 
wb«n  it  Lb  in  the  bore  of  the  gun. 

There  is  another  ciroumstanco  which  points  to  there  having  been 
two  charges  of  jiowder  in  the  gun,  and  that  is  tho  tremendous  rocoil, 
a  recoil  so  violent  as  to  drive  tho  buffers  through  the  wrought-iron 
tnuMom  on  which  they  were  carried,  and  this,  notwithstanding  tliat 
tbo  hydraulic  ajiparatus  for  absorbing  the  recoil  was  acting,  and  must 
havo  been  doing  so  with  extra  vigour,  as  will  be  readily  understoodJ 
whuu  uuo  rooollects  the  augmentation  of  pressure  necessary  to  driver 
water  through  orifices  at  a  greatly  increased  rate.  Let  me  say  hero, 
in  anticipaUon  of  any  objection  tliat  may  be  urged  against  tho 
hydraulic  apparatus,  as  being  too  delicate  an  implement  for  puqxwes 
of  warfare,  that  notwithstanding  this  explosion  occurrol  within  tho 
turret  tho  hydraulic  apparatus  was  uninjured,  and  wo  wore  able  to  uso 
it  for  the  puqHMCS  of  our  experiments. 

I  hope  I  have  now  proved  to  yon  that  double-loading  would  account 
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for  all  that  happened,  and  if  time  permitted  I  wonid  endeavour  to 
show  yon  tliat  nothing  else  would  account  for  it.  I  know,  however, 
that  the  common  inipreKsion  is,  although  the  double-loading  would 
ftccount  for  all,  doublo-looding  is  simjily  impoBsiblo,  and  must  be 
I  discarded.  I  have  had  this  said  to  mo  by  many,  but  I  have  had  it 
persevered  in  by  none  after  the  facts  of  the  case  were  brought  to  their 
knowledge. 

Before  stating  what  the  objoctiona  are  that  I  find  generally 
ailvanced  against  tlio  possibility  of  double-loading,  I  will  alludo  to 
portions  of  the  evidence  which  l>ear  on  this  subject,  more  e8i>ecially 
as  most  of  the  objectors  have  not  boon  at  the  pains  even  of  reading 
\  the  report,  still  loss  of  studying  the  ovidonco.  The  captain  of  the 
''Vessel,  one  of  the  ofiicers,  and  a  sailor  were  watching  the  electric 
broadside,  and  they  give  evidence  that  tiiree  shots  camo  from  it  Now, 
as  we  know  one  of  tlie  guns  in  the  after  turret  did  not  go  off,  if 
these  three  witnesses  wore  not  deceived  as  to  what  they  saw,  the 
Bugf;cstion  of  double-loading  is  a  mistake  ;  but  in  opposition  to  this 
evidence  is  to  be  sot  that  of  five  sailors,  including  a  signalman,  who 
were  all  of  thera  clear  that  two  shots  only  came  from  that  broad- 
side, and  that  one  of  them  come  from  each  turret.  Having  said  this 
much,  I  will  now  comment  upon  the  reasons  commonly  given  for 
holding  the  double-loading  hypothesis  to  be  impossible. 

The  first  observation  generally  is :  The  noise  and  concussion  of 
the  explosion  could  have  left  those  in  the  turret  in  no  doubt  us  to 
whether  the  gun  hod  gone  off.  The  answer,  concurred  in  by  all  who 
have  been  present  iu  a  turret  at  firing,  is  that  the  noise  and  concussion 
produced  by  one  38-ton  gun  when  firtd  off  are  as  great  as  the  human 
ear  can  take  in,  and  that  two  guns  going  oflf  simultaneously  (for  I 
must  ask  you  to  remember  that  these  guns  were  to  bo  fired  together 
cloetrieally)  would  not  add  to  the  efl'cct  that  would  bo  produced  by  the 
explosion  of  one  gun. 

The  next  observation  is:  Those  who  loade<l  the  gnn  must  have  known 
by  the  position  of  the  rammer  whether  there  was  a  charge  remaining 
in  the  gun ;  but  when  it  is  explained  to  thom  that  the  rammer  is  tole- 
Bcopio,  and  that  all  motion  of  the  visible  part  has  ceased  long  before 
the  Eccoud  charge  would  be  rammed  home  against  tlio  first,  and  that 
the  index  was  out  of  action,  that  ground  fails  the  objector. 

The  third  and  final  reason  for  its  being  impossible  to  have  donble- 
loaded  the  gnn  that  has  over  been  offered  to  mo  is :  That  the  misfire 
must  have  been  known,  because  the  gun  would  not  have  recoiled  and 
would  have  required  running  in  by  hand. 

The  answer  to  that  is  already  in  your  possession,  but  I  will  repeat 
it.  The  gun  is  run  iu  without  manual  labour,  and  by  hydraulic 
power.  Even  when  the  gun  is  fired  the  recoil  is  not  sufficient  to  send 
it  in  to  the  required  extent  and  has  to  be  supplemented  by  the  hy- 
draulic pressure  which  is  applied  immediately  the  explosion  is  heard. 
Direct  experiment  shows  that  in  from  4  to  6  seconds  the 
hydraulic  pressure  alone  will  bring  the  gun  in  as  far  as  the  recoil 
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would  Bend  it,  and  thus,  nnless  the  gan  is  being  watched  during  those 
4  to  6  seconds,  no  one  can  tell  how  the  gun  got  to  the  spot  where  the 
recoil,  if  there  had  b<.«n  one,  would  have  put  it,  whether  by  the  recoil 
or  by  the  hydraulic.  Thus  all  three  gronnds  for  the  "  impossible  " 
fkiL  Simultaneous  electric  firing  makes  an  end  of  the  information  to 
be  given  by  the  noise  of  the  explosion  ;  telescopic  rammers,  of  the  in- 
formation to  be  afforded  by  the  length  of  rammer  left  protruding  from 
the  gun ;  and  hydraulic  rnuning-in  masks  the  recoil  and  renders  that 
Booroo  of  information  nugatory. 

Just  a  few  words  about  other  suggested  causes. 

First,  and  most  important,  that  the  gim  was  inherently  too  weak. 
I  will  not  trouble  you  with  the  calculation  which  jjroves  that  it  is 
abundantly  strung,  not  only  to  bear  a  charge  of  85  lbs.  of  pebble 
powder,  but  to  l>ear  far  greater  charges,  but  I  will  ask  you  to  consider 
facts.  The  fellow  gun  has  fired  precisely  the  same  number  of  rounds, 
and  is  unstrained.  The  two  35-tou  guns,  which  I  have  told  you  are 
the  same  as  the  38  only  shorter,  have  also  fired  the  same  number  of 
rounds,  and  with  the  same  result.  At  the  time  of  the  explosion  there 
were  many  guns  identical  with  the  exploded  gun,  with  the  important 
exception  that  they  wore  bored  to  12)^  inches  instead  of  to  12  inches,  and 
that  therefore  they  were  subjected  to  greater  total  pressure,  and  that 
they  had  less  metal  to  resist  it.  These  guns  had  each  been  proved  with 
at  least  two  rounds  of  150  lbs.  of  P'  powder,  and  at  least  130  lbs.  of 
similar  powder,  the  projectile  used  weighing  over  800  lbs.  One  gun, 
No.  1,  had  firetl  271  rounds  varying  from  13U  lbs.  to  170  lbs.  of  powder, 
with  an  800-lb.  projectile;  another  gun,  217  rounds  of  the  sumo 
character  as  those  last  mentioned  ;  and  another  gun,  au  experimental 
one,  603  ronnds,  some  of  them  containing  as  much  as  200  lbs.  of 
powder.  Since  the  explosion,  the  '  Dreadnought's '  four  38-ton  guns 
have  been  tried.  This  was  done  on  the  29th  and  30th  of  April,  when 
70  rounds  were  fired  from  them.  These  guns  are  hydraulically  worke<l 
and  loaded  like  those  of  the  '  Thunderer.'  Full  charges  and  batter- 
ing cbargoe  were  used,  and  projectiles  of  as  much  as  800  lbs;* 
the  '  Dreadnought's '  guns  being  of  12^  inches  bore  in  lieu  of 
the  '  Thondcror's '  12  inch,  and  being  thereby  weaker  than  the 
'  Thunderer's '  guns ;  and  these  trials  have  been  attended  with 
the  most  favourable  results. 

The  next  suggested  cause  is  that  the  gun  had  been  injure<l  by 
previous  servioo.  It  is  sufficiout  to  say  that  the  other  guns  in  the 
ship  had  had  an  exactly  sinular  service  and  are  uninjured,  and  that 
there  is  not  an  appearance  of  the  commencement  of  a  crack  in  that 
part  of  the  exploded  gun  where  cracks  do  commence  when  a  gun  is 
trtginning  to  fail. 

*  In  the  csM  of  tb«M  lS}-indhj|ans  the  foil  obarg«  ii  as  mach  •■  100  Iba., 
while  the  battering  rliarg«  U  ISO.     On  more  than  one  occasion  charges  of  ItiO  ll». 
«eiv  need,  and  at  the  oloee  of  the  Wedncadaj'a  proceeding*  an  eioetria  bi 
M  given  with  all  four  gnna  thnt  loaded. 
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1487,  showing  tliat  the  mean  pressure  mast  bavo  been  only  76  per  cent 
of  that  which  would  have  prevailed  if  no  air  space  had  been  left 
and  further,  so  for  from  the  maximnm  pressure  having  been  evei 
locally  increased,  at  the  bottom  of  the  bore  of  the  gun  it  was  but 
1 1 '  7  tons,  while  at  the  base  of  the  projectile  it  could  not  have 
amounted  to  10  tons  on  the  sc^uare  inch,  as  none  of  these  three  gaugei 
had  moved. 

In  the  next  experiment  the  air  space  was  as  much  as  4  feet ;  the 
muzzle  velocity  was  only  1067  feet,  instead  of  the  1487,  showing 
that  the  average  pressure  was  only  68^  per  cent,  of  that  which  would 
have  prevailed  without  an  air  8i>ace. 

In  this  exiiorimeut  the  crusher  gauge  in  the  bottom  of  the  bore 
and  that  in  the  centre  of  tlio  base  of  the  projectile  hod  been  previonslj 
subjected  to  10  tons  pressure,  while  the  gauges  at  the  top  and 
bottom  were  loft  in  their  natural  condition.  The  pressures  recorded 
were,  at  the  bottom  of  the  bore  10*15  tuus  ;  at  the  tup  of  the  projectih 
7  '  6  tons  ;  at  the  bottom  6  tons,  and  at  the  centre  something  below 
10  tons,  as  the  gaugu  was  not  aficctud. 

Those  two  ox{>erimeut8  having  totally  failed  to  sot  up  a  loco] 
pressure,  the  next  experiment  was  made  not  with  pebble  jwwder  bnl 
with  the  rifle  large  grain.  The  air  space  was  again  4  feet ;  on  thii 
occasion  the  pressure  at  the  bottom  of  the  bore  was  IG'7  tons  upon 
the  square  inch  ;  ou  the  top  gauge  in  the  projectile  was  25 '  5  tons ;  ii 
the  centre  of  the  projectile  was  35  •  3  tons ;  and  at  tlio  bottom  wos  23  •  S 
tons ;  wliUe  with  this  powder  hatl  the  gun  been  fired  without  an  ail 
space  the  pressures  would  have  been  from  27  to  30  tone.  In  theat 
experiments  no  wad  was  used,  and  it  was  determined  to  make  otherf 
with  a  disc  wad.  In  the  first  instance  85  lbs.  of  pebble  powdei 
being  employed,  and  a  G-fcot  air  space  being  left,  the  wad  being 
close  to  the  projectile,  the  muzzle  velocity  was  849  feet,  the 
pressure  at  the  bottom  of  the  bore  under  10  tons,  in  the  base  of  the 
sliot  at  top  under  8  tons,  in  the  centre  5 '  G  tuns,  and  at  the  bottom 
under  8  tons.  The  lost  ciporimont  consisted  in  leaving  a  2-feet  aii 
space  between  the  cartridge  and  projectile,  and  a  4-feet  air  spiice  be- 
tween the  projectile  and  the  canted  disc  wad,  while  the  muzzle  velocity 
was  1208  feet  as  compared  with  the  1240  feet  of  the  previous  experi- 
ment with  the  2-fect  space ;  the  pressure  at  the  bottom  of  the  bore  was 
II"  1  tons  as  oomparod  with  11  "7  on  the  former  occasion;  while  the 
pressure  at  the  top  of  the  base  of  the  projectile  was  7  •  9  tons,  at  its 
centre  was  9 '  2  tons,  and  at  its  bottom  8  ■  4  tons  on  the  sciuaro  inch. 
During  the  previous  oiperimontit  will  be  remembered  that  the  gauges 
having  been  adjusted  for  10  tons  afforded  no  other  information  than 
that  that  pressure  had  not  beeu  reached. 

I  think  these  rosnlts  sufficiently  show  that  no  harm  would  ensue 
from  pebble  powder,  oven  if  air  spaces  had  existed,  but  there  was  abun- 
dant evidence  to  prove  that  in  the  'Thunderer'  gim  no  air  space  did 
exist ;  bat  time  compels  me  to  refer  yon  to  the  report  and  minutes  for 
this  proof.     But  once  more,  let  me  remind  you  that  an  explosion  of 
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the  gnn  from  an  air  space  would  not  have  occurrod  1  to  5  feet  in 
front  of  the  projectile. 

I  will  DOW  leave  this  Bubjcct  of  other  snggeeted  canses,  and  will, 
without  paoaing  to  describe  them,  merely  remark  that  precautions 
have  been  proposed  bj  the  Committee,  which,  if  adopted,  would 
render  double-loading  in  future  practically  impossible.  I  will  also 
refer  yon  to  Diagram  19,  which  exhibits  the  improved  construction 
of  the  rammer  indicator  on  board  the  '  Dreadnought.' 

In  conclusion,  let  me  say  that  the  feUuw  38-ton  gun  being,  as  you 
know,  in  England,  I  do  hope  the  authorities  will  accede  to  the  recom- 
mendation of  the  Committee,  will  try  tbat  gun  with  air  spaces,  and  in 
•ny  other  way  that  anyone  can  reasonably  suggest  as  having  any  real 
connection  with  the  '  Thunderer '  explosion  ;  and  further,  I  trust  that 
then  this  gun  will  be  double-loaded  and  fired.  I  do  not  think  that 
such  a  trial  is  needed  to  give  confidence  to  the  service  at  large ;  it 
certainly  is  not  needed  to  give  confidence  to  those  who  are  beet  able  to 
form  an  opinion — witness  the  attendance  at  the  working  of  the  self- 
same kind  of  guns  the  other  day  on  board  the  '  Dreadnought ' — but 
I  believe  such  an  experiment  with  the  follow  gun  would  bo  the  most 
ready  and  most  efficacious  mode  of  satisfying  the  general  public,  who 
have  not  the  means  of  investigating  the  question,  or  of  coming  to  a 
right  judgment  upon  it. 

Pending  such  an  experiment,  if  by  what  I  have  said  to-night  I  have 
■ansted  in  restoring  confidence  to  the  audience  present,  and  I  hope, 
thiongh  them,  to  many  others,  in  the  safety  of  the  guns  on  which  we 
rely  for  our  defence  both  on  sea  and  land,  I  shall  feel  I  have  a  suffi- 
cient excuse  for  the  trespass  I  have  made  on  the  time  of  my  hearers 
thiB  evening. 

[F.  J.  B.] 
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GENEBAL  MONTHLY  MEETING, 
Monday,  July  7, 1879. 

0.  WiLUAM  SnortSTB,  Esq.  D.C.L.  F.R8.  Vice-President,  in  the  ( 

Francis  FesBcr,  Esq.  I 

James  Garnott  Heywood,  Esq.  i 

Mies  Henrietta  Lambert,  -j 
Edmund  dc  Qninccy  Quinoej,  Esq. 

Henry  Smith,  Esq.  ; 
Herbert  A.  Taylor,  Esq. 

were  elected  Members  of  the  Boyal  Listitution. 

The  Special  Thanks  of  the  Members  were  given  to  the  '. 
Bathubst,  M.R.L  for  his  munificent  Present  of  a  large  Bu 
WiiLUM  Htdb  Wollaston,  M.D,  F.R.8.  M.E.I.  by  Chantrey. 

The  Fhebentb  rocelTod  since  the  last  Meeting  were  laid  oi 
tabic,  and  the  thanks  of  the  Members  returned  for  the  same,  vix. 
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Giolojieal    Tmtitute,   Imperial,    Vienna  —  Yerfaandlungen,  1878,     Noa.   li-18. 
1S79,  No».  1-6.     Rto. 
Jahrbach  :  Hand  XXVIII.  No.  4.     Buid  XXIX.  No.  1.    8to.     1878-9. 
narritom,  W.  U.  Aag.  (Ou  ^u/Aor)— Spirita  before  our  Eyes.   Vol.  L    IGto,    1879, 

Oapt.  John  Jamea:  Ueamerism,  with  Hints  for  Beginners.     16Ui.     1879. 
BOUirand,  Kart,  Ao.  (Uk«  iiu/Aor>— Zeiten,  Vijlkcr  und  Menschen.    Band  I. 
l«to.    Berlin.    1879. 

I  q/ OMI  AtpiNMrs— Minntea  of  Prooeedings,  Vol.  LYI.    8vo.    1879. 
laadftn,  Oorveration  of — Analytical   Index  of  the  Bemembrsncia,  1579-1664. 

8Ta     1878. 
Jfaaetaitar  Otohgieal  Soeie^^— Transactions,  Vol.  XV.  Porta  3,  4,  5.    8to.    1879. 
ibmtlrugghe,  Pro/e*tor    O.    Van  der  —  Nonvelles    Ai>plications    de   I'Energie 

Poteniielle  dea  8utfBces  Liqnides.    (K  103)    8vo.    1879. 
Mdionlogiaa  OJItw— Meteorology  of  the  Arctic  Regions.     Part  I.    4to.     1879. 
JMasrabnaot  goafsty    Qnarterly  Juumal,  No.  3U,    8to.    1879. 

IMofUtmhm.    Sra    1879. 
Fhatograpkie  &>eMy— Jonraal,  Now  Series,  Vol.  lU.  No.  9.    8to,     1879. 
t%m&al  AoMy^Proeeedings,  Vol.  III.  Part  1.    8vo.    1879. 
8b  C.  Wheatstone:  Scientific  Papers  (with  the  Harmonic  Diagram).    8to, 
1879     (Two  oopioa.) 
Mt.  WOimn,  &o.  F.BJ3.  Mtu.  Doe.  (On  Aulltor)— The  PbUoaophy  of  Mude : 
Ming  the  SaMonee  of  Loctniea  at  Hie  Boynl  Institution  in  1877.    8to. 
1879. 
Frmmbtkt  Akaitmi*  i»r  ITbtmsako/tm— Honaisberichte:    Man,  April.  1879, 
Sto. 
,F.B.Btq.  M.n.I.  {Ou  TrandaioT)—!.  M.  Ludwig:   Pontreaina  and  ita 

'  liboarhood.     IGto.     1879. 
I  fiM<ifa^lMMia»— Transitions,  VoL  CLXVIII.  and  Vol.  CLXIX.  Part  2. 

t  o/^rt»— Joamal  for  Jane,  1879. 
«— fiy.  W.  F.  Biq.  M.B  /.— Prafeaaor  O.  Foller'i  8nir»l  Slide  Rule.    (O  17) 

IJlo.    1879. 
AfBMM,  G,  /.— MoalMy  Meteofologioal  Manxine,  Jone,  1879.    8ro. 
IWam  Pro/mttr  S.  V.  ((As  £dMor>-Cooley^s  Cyclopotdia  of  Practical  Reooipta. 

Part  IS.    8TO.    1879. 
Ksaliffaar  AteMy  of  London— Tt»amie»knt,  VoL  X.  Part  12.    4to.     1879. 
Piuwxifngs,  1879.  Port  1.     8to. 
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GENERAL  MONTHLY  MEETING, 

Monday,  November  3,  1879. 

C.  WnjUAJC  Soamra,  Esq.  D.C.L.  F.B£.  Vice-Proeidoat, 
in  the  Cboir. 

Mftjor-Gcneral  Honry  Philip  Goodonongh,  R.A. 
John  Henry  Sampson,  Esq. 

were  elected  Membora  of  the  Royal  Institatioa 

The  Pbesknts  received  since  the  lost  Meeting  were  laid  o 
table,  and  the  thanks  of  the  Members  returned  for  the  some,  viz 

rnoM 

Tht  Fnmdt  Ootemmmt : 
OooomoDts  IntiiU  sur  rHistotre  de  France  Rccneil  doa  Chartes  de  Vi 
de  Clunv,  rormG  par  Augunte  Buninrd.     Ed,  A.  BrueL     Tomo  I.  (SOS 
410.     L-'Ta 
Inaoriptiona  do  la  Franco  do  V  Siicle  an  XVIII*.     Ed.  M.  F.  De  GuiU 

Tomo  III.-IV.     4to.     1877-9. 
loveiitairu  du  Mobilirr  dc  Cliorlea  V.  Boi  de  France.    Ed.  Jules  Labortc 

1879. 
Le  Lirro  del  FsanmcB.    Ancienne  Traduction  Frani^'se :  d'aprug  lea  Hi 

Oambridpf  et  de  Paris.     F-d.  F.  Micbpl.    4to.     1876. 
Lettres,  *c.  du  Carduml  de  Biclielien.    Tnme  VIII.    4to.     1R77. 
Letties  du  Cardiunl  Mazarin.    Ed.  M,  A.  Cheruel.    Tomo  U.  (Jaillct 

Die.  1647).    4to.     1879. 
Manges  Uutoriqaea :  Choix  dea  Documenta.    Tome  11.    4to.    1877. 
Hiatoirc  G^n^rale  de  Paris :  Topographie  HiBtoriqucdnVioux  Paris.  Ton 

4to.     1876. 
Inventaire  dea  MSS.  Fran^uis  de  la  Bibliothijqne  Nalionale.    Par  L.  D 
Tome  II.    8vo.     Piiris,  1878. 
OoeemoT  Gmernl  of  lailia : — 
Geological  Survey  of  Inciia  : 

Reoonis.  Vol.  XII.     Parts  l-S.     8vo.     1879. 
The  India  OMce — Accoirat  of  the  Operations  of  tlie  Great  Triangular  8nn 
India.     Vola.  II.  Ill  IV.     4to.     187:i-«-9. 
F.  Day  :  Tbe  Fishes  of  India,  Vol.  II.    4to.     1878. 
AccaiUmia  del  Lineei,  lUaie,  Rumn — AUi.  Serie  Ti-rza. 

Memoric  delle  Classe  di  Bcienzc-  FiBichc,  &c.  Vol.  II.   Dispensa  I.  II.  4to. 
Hemorie  delle  Claaao  di  Bcieoze  Morale,  BturioIic>,  e  Filologiclie,  Vol.  IL 
1878. 
Admriet,  Inftltule  of— Jo\jmii.\, 'So.  U6.    8to.     1879. 
Amfrican  Phthieophlcal  Socitly — Catalogue  of  Library,  Parts  1,  2.    8vo.     18 

Prooeedings,  No.  102.    8vo.     1878. 
Antiquarie*,  Soci>/y«/— Proceed inps,  Second  faeries,  Vol.  VII.  No.  6.     8to. 
jiliatic  Society  o/ ienflai— Proceotiugs,  1879,  No«.  2,  3,  4.     8vo. 
Journal,  Vol.  XLVIII.    Part  1.    JPart  2,  No.  1.    8vo.    1879. 
AHronomieal  Society,  noyul—ilonMy 'Soticea.    No.  8.    8vo.     1879. 

Memoirs,  Vol.  XLIV.     4to.     1879. 
jlM/*or— Thoughts  on  Theism.    (K  103)    8vo.     1878. 
£atavia  ObBerra/orj/— Meteorological  Oheeryutions,  Vole.  II.  III.  (18G0-75,) 
1878. 
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Bath  Bofal  Literary  and  PkOoiojAieal  Society — Catalogne  of  ita  Library,  and  of 

tbat  of  the  Bath  and  We<t  of  England  Bocietf.    8to.     1879. 
Baran'au  Aeademy  of  Stieneei,  Royal — Silznngaberichte,  1879,  Hefle  1,  2,     8vo. 
Abhandlungen.     Band  XIU.  Abtb.  1,  2.    4to.     1879. 
Dr.  A.  Baeyer,  Feetrede.    4to.     1878. 

Xeleoroloinache  nnd  Mngnctiecbe  Beobachtungen.   Slunchen,  1878.  8to.  1879. 
JrituA  ArtiiUdt.  Royal  LutitiUe  o/— 1878-9 ;  Froceedlngs,  No.  17.    4to. 

"naiMMtioaa,  Ni>.  13.    4to. 
Aowm  A.  Orum,  E*q.  M.A.  (the  Author) — On  the  Theory  of  Chemical  Combina- 
tion.   (K  103)     8vu.     1879. 
OmbrNtye  fhaotopkienl  i$oriV(y— Tronsuctiona,  Vol.  XII.  Part  3.    4to.     1879. 

Frooeedinga,  Vol.  III.  PiirU  3-6.    8vo.     1878-9. 
CktMMol  Safety— Journal  for  Aug.  Sept  Oct.  1879.    8vo. 

OenuaB  PofyteAnie  Soeiel'/,  iZnyn;— Forty-sixtb  Annual  Report,  1878.  8vo.  1879. 
Domon,  O.  M.  E»].  (the  Aitlhor)—Tho  Indiana  of  Canada.  (K  1U3)  8to.  1879. 
Xhm:  SoeUU  ds  Rjrda — Bulletina,  2*  Scrie,  Quatrihne  Aun^ :  Trimcstre  2.   8ro. 

Du,  1878. 
Itmomtkir*  AttoeiatioH  (or  (he  Adwuuemmt  of  Beienee,  Literature,  and  Art — Report 

■ad  Tnnactioni,  Vol.  XI.    8vo.    1879. 
DmomMrt,  The  Duke  of,  K.O.  D.C.L.  F.R.S.  M.R.I.—CaMogue  of  the  Library 
•t  Obaisworth  (with  Introduction  by  Sir  J.  P.  Lacaita).    4  voU.    8to.    1879. 
SdOort — American  Journal  of  Scienoe  for  July-Oct.  1879.    8ro, 
Analyst  for  July-Oct  1879.    8to. 
AthauBom  for  July-Oct  1879.    4to. 
Bmln :  a  Jonmal  of  Neurology,  No.  2.    8to.     1879. 
"  NcwB  for  July-Oct.  1879.    4to. 
for  July-Oct.  1879.     fol. 
Hoiolapcal  Journal  for  July-Oct  1879.    8vo. 
Iron  for  July-Oct.  1879.    4to. 
Journal  for  Applied  Science  for  July-Oct  1879,    fol. 
Katam  far  Jnly-Oct  1879.    4lo. 
TiliyiPhtc  Jonmal  for  July-Oct  1879.    8vo. 
MimmMt,  Morton,  &o.  (the  .^uMor)— Guide  to  Modelling  in  Clay  and  Wax,  and 

fbrTCnmOotta,  Bronze  and  Silver  Chaning,  &c.     8vo.     1879. 
Ji  —Mfii  /M(>la<«^Jounial,  Noa.  643-646.     8to.     1879. 
OaapradUenl  Society,  £oyal— Proceedings,  New  Series.   Vol.  I.  No«.  8, 9, 10.  8to. 

Jomoai,  Vol.  XLVIIL    8to.    1879. 
Oeolcgie^  InMiUile,  Imperial,  Vienna — Verhandlongen,  1879,  Noa.  7,  8,  9. 
iahibodi:  BandXXLX.  No.  2.    8to.    1879. 
Abhudlimgeii:  Band  XIL  lUtt  1.     f<d.     1879. 
OtU,  T.  mmd  K.  Couee — Bibliography  of  North  American  Mammals,    4to.    1877. 
JEwioM,  SoeiM  HoBandaim  dee  Smenee*— Archives  Neerlandaiaea.    Tome  XTV. 
Ut.  1, 8.    8ra    1879. 

XPr.  JoaMi  (Tr)ulee»  of) — iEnridea  or  Critical,  Exegetical,  and  iCsthelioal 
"    oiithe.«oeis,  by  James  Henry.     Vol.  II.  (Book  III.)    8to.     1879. 
BOUbrand,  Kari,  £».  (the  iufAor)— Zeiten,  Vijllicr  und  Menschen.     Bond  L 
8Ta     1879. 
Gwtaiobte  Frankreichs  (1830-71).    Theil  U.     8to.     1879. 

o/  Crril  Engineer! — Minutes  of  Prooeedings,  Vols.  LVII.  sad  LVIU. 
9ra.    I»79. 

I,  J.  J.  E»q.  (the  ^u/Jbor>^Annual  Report  of  the  Controller  of  the  United 
BtBia  Com-ocy.    (L  17)    8vo.    1878. 

jSooMy— JouraiU,  Noa.  80,  102,  10.3.    8to.    1879. 

Bwood  Series    BoUny,  Vol.  I.  Part  6.    Zoology,  Vol.  I.  Part  8. 
41a.    1979. 

OnmUMmmt*— Thirty-third  Report.     8to.     1879. 

gsabyfptti  aort«y— Transactions,  Vol.  XV.  Parts  6, 7, 8. 0.  8to.  1870. 
fcy<iMrti,  IniUiiuHon  iv'— Pmcevdings,  Jime,  1879^    8Ta 
■<  fccirfy— Qusrlerly  Joiirxial,  No.  31. 
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MonlpdU^.ABaJAnlf  tU»  Seienen—Mimoiiea  de  la  Section  de«  Sciences. 

VIII.  Faae.  2;  Timie  IX.  F«*o.  2  (1877-S).    4to.     1879. 
Motrop,  K.  H.  Bta.  M.B.I.  (the  Ju<Aor>— The  Introduction  of  Salmon  and ' 

at  Uic  AnUpodM.    (K  103)    8vo.     1879. 
Miuioil  ^<«Me>a<wii-Prooeedinga,  Fifth  Seuion,  1878-9.    8to.    1879. 
Norfalk  and  S«naUk  NaturaUtbf  Soeiete-TmoHtotionB,  Vol.  IL  Put  S. 

l878-». 
Ptuu^iorH,  J.  0.  (Oa  it «(Aor)— Rocky  Hoantaini,  Arkaosas  Valley,  and  Saa 

Qahle.    4to.    Chi(»«o,  1878. 
PkamaoMrfkXiI  &x>uYy— Journal,  July  to  Oct  1879.    8to. 
Photographic  SoeWj— Joumnl,  New  Series,  Vol.  IV.  No.  1.    8vo.     1879. 
Plaltau,  Prof  for  J.  Htm.  tt.S.I.—Sxxi  la  Viacositc  Biiperfioielle  dc«  hiq 

(Bulletins  de  I'Acad^mie  do  Belgiqae,t.  xlTiii.)    8to.    1879. 
Frmmiiehe  AhademU  dm  iriMenKk<^ai— Uonatibericbte :    Bian,  April, 

Jnni,  1879.    6vo. 
Sefffdl  GMngm  of  Surgtotu  of  Bn^ond — Oatalogne  of  SpooimenB  illu«tntia 

C)8teoU<gy  of  Vortcbratcd  AnimaU  in  the  Huaeum.    By  Profeaaor  ^ 

Flower.     Vol.  I.    8to.     1879. 
fioyoi  Irith  Academtf — Trimiactioua :  Vol.  XXIV.  Antiqoitiea,  No.  9.   -Ito. 

„     XXV.  Krimic.'.No».9, 10.  4to.  II 
„    XXVI.  Scieucw,  Nob.  18-21.  4to. 
„    XXVII.  Polite  Literature,  No.  2. 
Pnceedingi,  Seriea  U.  Vol.  L  Noa.  11,  la.-  Vi>l.  III.  No.  3.    8to.    1875-1 
BofolSoeittf  o/ jU<ero(Mr«— Trannotiona.  Vol.  XII.  Fiirt  1.    8to.     1879. 
JJoyoI&wMy  qi^LofuIon— Proecodings,  No.  1!)C.     1879. 
Snsnn  Sorieti)  of  Seienem,  Royal — 
PhiliiiojjiHcli-Hialorbclie  Cla.»»o : 

Ablinndlungen.    Band  VII.  No.  5-8;  Band  Vm.  No.  1.    4to.     1876-9 

Bcricht©.    1875.  No.  2,  1876,  1877, 1878.    8Ta 
Hatliemntisch-Phjaische  Classe : 

Abhandlungen.     Band  XI.  No^  6,  7.  8 ;  Band  Xll.  No.  1.    4to.     1876 

Bericlite.     1875,  Nos.  2.  3,  4,  1876,  1877,  1878.    8vo. 
Bmilhtoiiian  InMUiUioii,  Wathnigton — Annual  Report  for  1877.    8vt>.     1878. 
SniitliKininn  Mi-sriUiineous  OoUectiona,  Vola  XIII.  XIV.  XV.    8to.     187 
Statitlioal  6"oc(>.(i/— Journal,  Vol.  XLll.  Parts  2,  3.    8to.     1879. 
8L  PtterAurg,  Aeadimie  det  Seimctt — Mcmoirea.   Tome  XXVI.    Noe.  &-11. 

1879. 
SymoHi,  G.  J. — Monthly  Meteorological  Magazine,  July  to  Oct.  1879.    8to. 
Tcumama,  Boynl  Sodely — Pnpcnt  aud  ProcTOdings  for  1877.     8to.     1878. 
Telegra^  Enginaen,  Society  o/— Jourim),  Part  27.     8vo.     1879. 
Tmon,  Profettor  R.  V.  (Wi«  £(ii<or)— Cooley'e  C>felopieJia  of  Practical  Bece 

Part  14.    8to.    1879. 
Univertity  College,  London — Catalogue  of  General  Library,  Ao.  Vols.  I.  n. 

1879. 
Calendar  for  1879-80.    8vo.     1879. 
UnUed  Serrire  Intlitution,  /toyal— Journal,  Appendix  to  Vol.  XXII.  and  No*. 

101.    8vo.     1879. 
Vnittd  (>Uite*  Geologii-al  Survey  (Ihroiigh  Dr.  F.  Y.  Eayden)  —  Elliott  Co 

Biitls  of  the  Colomdo  Volley.     Part  1.    Svo.     1878. 
Beportson  Nntiiral  Uietory,  tc.  (Authnr's  Kdittong).    Svo.     1878-9. 
Uniiei  Btatei  Xaml  Obeervatory—f^imon  Ntwoomb  :  Researches  on  the  Motio 

the  Moon.     Pnrt  I.    4to.     1878. 
Vp$al  r^ii><T(>i7y— Bulletin  Blensnel  dc  I'Observutoire  M<5tAjro]ogiciuo,  Vol. 

1878.     Vol.  XI.  Noa.  1-6.     4to.     1878-9. 
Verein  tur  Befdrdening  de*  Gewerbfleittei  in  Preiuten — Verhandclungen,  II 

Uctte  6,  7,  8.    4  to. 
Victoria  Jtuiitute — Joumfil,  No.  50.    Svo.     1879. 
ZoologieaX  Society  of  London — List  of  Vertobratcd  Auiinals  in  Uic  Oardoos.  7lb 

Svo.    1879. 
ProoeedingB,  1879,  Ports  2,  3.    Svo. 
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GENERAL  MONTHLY  MEETING, 
Monday,  December  1,  1879. 

The  Duke  or  NoBTHrrMBiRLAND,  LL.D.  D.O.L.  Loid  Privy  Seal, 
President,  in  the  Chair. 

Miss  Henrietta  Maria  Adair, 
Edward  Greenhill  Amplilett,  Esq.  M.A. 
Henry  Fearnside,  Ewj.  M.B.  F.It.C.P. 
Major  Edward  Smith  Gordon,  R.A. 
Thomas  Henry  Sanderson,  Esq. 

were  elected  Members  of  the  Boyal  Lutitation. 

The  following  Lecture  Arrangements  before  Easter,  1880,  were 
annomioed : — 

CbBISTMAS  LBOnTBBS. 

PaonMoa  Tthsall,  D.C.L.  F.R.S. — Six  Lectures  on  An  Aire  Watzb  ;  on 
Xtgecoibcr  27  (Saturday),  SO,  1879 ;  Jan.  I,  3,  6,  8,  1880. 

PaoraMOB  Edward  A  Scbateb,  F.B.S. — Ten  Lectures  on  Tbs  PBTai0U30T 
or  Moaou ;  on  Tuesdays,  Jan.  13  to  March  16. 

H.  HcATBoorB  Btatbam,  Esq. — Two   Lectures  on  Modish  ABomracrruBa 
I  BaiAiHAaaa ;  on  Tbnndsys,  Jan.  15  and  22. 

DzwAB,  M.A   F.R.8.  —  Eight  Lectures   on    Bscxirr   CnianoAL 

PaoaaaH ;  ou  Tlinndays,  Jan.  29  to  Maroh  18. 

rain  Ma  III  T.  Bcpaar  Joaai,  F.B.S. — Three  Lectures  on  Coaj.;  on  Saturdays, 
Jan.  17.24,31. 

PaonasoB  Eajirr  PAraa. — Three  Leetnrea  on  Haitdkl,  BaBAnrAH  Bach,  aito 
JoHDv  Hatck.    With  Musical  Illustrations.    On  Saturdays,  Feb.  7,  14,  21. 

Four  Leoturos.  on  EberoBT  or  LiTaaATUBc,  on  Saturdays,  Feb,  28,  March  6, 
lS.iO. 

The  Pbbbkhts  received  since  the  lost  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  retomod  for  the  same,  viz. : — 


Ommmr  Omnnl  of  India  .— 
OaoloKieal  Sarreir  of  India ; 
Mwwlrs.  Vol.  XVL  Part  1.    8to.     1879. 

PatoimlolaKia  Indiea :  Series  IL  Vol.  I.  4 :  Series  XUI.  1.    fnl.    1879. 
JUiaUe  SaeUlg  if  BsMoi— Prooeedinn,  1879,  Ko.  7.    8to. 
Joaiaal,  VoL  XLVin.     Part  1,  Nos.  I.  2.    Part  2,  No.  2.     8to.     1879- 
Pswtytion  of  New  Lcpidopt«roaa  Inaeeta  from  the  Collection  of  W.  8.  Atkio- 
•oa.    Bt  W.  C.  HewitaoD  and  F.  Moore.    Part  1.    4to.     1879. 
.istrsMa^flbeWy,  iiMa^MoDthly  Notioes,  VoL  XXX.  Ko.  9.    8to.    1879. 
~  MB,  ttmm  FAq.  f  .CIS,— Appaiatns,  Past  and  Prannt :  EnaraTing*.  (Sheet  L) 
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WEEKLY  EVENING  MEETINO. 

Friday,  January  16, 1880. 

Gbobob  Bdsk,  Esq.  F.R.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

FBorKSSOB  Jambs  Dkwab,  M.A.  F^.S. 
rvuniAK  raorxHOB  o*  onranr  si. 

(Abstract.) 

Inve4liijatioHt  at  High  Temperatureg, 

I  armn)  to  discnss  on  the  present  occasion  tho  rosnlts  of  a  preliminary 
stndy  of  the  choaiical  interactions  taking  place  at  tho  toniporaturo  of 
the  electnc  arc,  and  tho  inferences  which  can  be  deduced  from  a  series 
of  radiation  experiments  as  to  tho  probable  temperature  of  tliis  source 
of  heat 

On  the  Formation  of  Hydrocpame  Acid  in  the  Electric  Arc. 

The  conclusion  that  tho  so-called  carbon  spectrum  is  invariably 
■wociited  with  tho  formation  of  acetylene,*  induced  me  to  try  and 
aaocrtain  whether  this  substance  con  be  extracted  from  the  electric 
Me,  which  invariably  shows  this  peculiar  spectrum  at  the  positive 
pole,  when  it  is  powerful  and  occasiooally  intermittent.  For  this 
parpoao  the  carbons  were  nsod  in  the  form  of  tubes,  as  shown  in  the 
following  figure,  so  that  a  current  of  air  could  be  drawn  by  means  of 
•a  aspirator  through  cither  pole,  and  tho  pro<lacta  thus  cxtraote<l 
tnm  tho  arc  collected  in  water,  alkalies,  and  other  absorlK'Uts.  Gaaea 
may  be  led  through  one  of  the  poles,  and  suction  induced  through  tho 
other,  in  order  to  examine  their  effect  on  the  arc  and  tho  products 
obtained  from  it. 

The  following  results  were  obtained  by  means  of  the  Siomoug  and 
De  Heritcns  magneto-mochiucs,  recently  presented  to  the  Itoyal  Insti- 
tution through  the  munificonoe  of  the  Duko  of  Northumberland  and 
Mr.  Siemens  : — 

Air  drawn  by  an  aspirator  from  tho  arc  through  a  drilled  negative 
oarbon,  and  tho  gaaes  passed  through  potash,  iodido  of  potassium,  and 

*  Aj  (uggaaled  bjr  Plucker,  ADgitivm,  and  Tbul^D. 
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starch  paste,  gave  no  rcoctiou  for  the  presence  of  nitrites.     The  poi 
contained  sulphides. 

Hydrogen  led  in  through  the  positive  pole,  and  the  gases  extra' 

as  above  gave  the  well-known  acetylene  compound  with  animoni 

snb-chloride  of  copper ;  while,  at  the  same  time,  a  wash-bottle  ( 

taining  water  gave  distinct  evidence  of  the  presence  of  hydrocy 

,  acid. 


Fio.  1. 


A  hydrogen  flame  burning  between  the  ciirbon  poles  gave  no 
phides  or  hydrocyanic  acid,  when  treated  in  the  above  manner, 
condensed  water  from  the  combuBtion  gave  the  reaction  for  nitriti 

Air  drawn  through  the  negative  carbon  gave  considerable  qui 
ties  of  hydrocyanic  acid,  which  was  greatly  Increased  by  estrac 
the  gases  through  the  positive  carbon.  Air  was  aspii-atcd  at  the 
of  about  one  litre  per  minute. 

The  same  carbons  used  with  the  long  arc  of  the  De  Meri 
magneto-machine  gave  no  hydrocyanic  acid. 

Carbons  purified  in  chlorine  and  hydrogen  gave  vrith  De  Meri 
arc  nothing ;  with  Siemens'  and  a  draught  of  air  through  the  negi 
pole,  a  small  quantity  of  hydrocyanic  acid,  but  a  Inrgor  yield  v 
the  positive  pole  was  used.  The  gases  extractc<l  from  the  arc  t 
the  absorption  of  the  hydrocyanic  acid  contained  acetylene.  li 
carbons  are  not  purified,  sulphuretted  hydrogen  is  always  found  a 
with  tho  other  gases. 

The  inference  drawn  from  the  above  eiperimenta  is  that  the 
temperature  of  the  positive  polo  is  required  to  produce  tho  rcac 
which  is  in  all  probability  the  result  of  acetylene  reacting  with 
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nitrogen,  as  whon  indaction  spftrks  oro  passed  through  the  mixed 
gases,  Tix.: — 

C.H,  +  N,  =  2HCN. 

and  that  the  hydrogen  is  obtained  from  the  decomposition  of  aquoons 
rapour,  and  the  combined  hydrogen  in  the  carbons.  It  is  possible 
that  traces  of  alkaline  salts  in  the  carbon  polos  may  favonr  the  forma- 
tion of  hydrocyanic  acid,  but,  as  all  attempts  to  pnrify  the  poles  so  as 
to  stop  the  reaction  failed,  I  am  inclined  to  beliovo  it  is  a  direct 
■yxtthens.  The  acetylene  reaction  is  one  of  the  many  remarkable 
syntheses  discovered  by  Professor  Bcrthelot,  of  Paris.  The  presence 
of  snlphnretted  hydrogen  is  donbtless  due  to  the  reduction  of  the 
milphatee,  invariably  present  in  the  ash  of  the  carbon. 

The  discovery  of  the  formation  of  hydrocyanic  acid  in  the  electric 
•re  neoesaitated  a  more  complete  examination  of  the  various  reactions 
taking  plaoe  in  the  arc  with  poles  of  various  kinds,  and  in  presence  of 
different  paseons  media. 

Yarioos  difficulties  have  impeded  the  satisfactory  progreas  of  the 
investigation.  During  the  course,  however,  of  numerous  experiments, 
&cta  of  interest  have  boon  recorded  which  are  worthy  of  appearing  as 
preliminary  results  in  a  very  extensive  and  difficult  research.   . 

Formntion  of  Cyanogen  Compoundt. 

The  inflnenoe  of  impurities  in  the  carbon  on  the  prodnction  of 
bydiocyanic  acid  had  first  to  be  ascertained.  For  this  purpose,  drilled 
Siemens'  carbons  were  placed  in  a  porcelain  tube,  and  treated  for 
MTerml  days  at  a  white  heat  with  a  rapid  stream  of  chlorine,  nntU  the 
greater  pui  of  the  silica,  oxide  of  iron,  alumina,  Ac-,  were  volatilized 
in  the  form  of  chlorides.     Sometimes  the  carbons  had  a  subsequent 

.treatment  with  hydrogen,  or  were  directly  treated  with  a  current  of 

(cUorioc  while  the  arc  was  in  operation. 

Oarbona  treated  in  this  way  continued  to  yield  hydrocyanic  acid, 

[when  a  steady  current  of  air  was  drawn  through  the  i>ositive  pole 

IM  fSanaerly  described,  even  whon  the  same  })olu  had  several  snooes- 

r^TO  toeatments  with  chlorine  during  the  electric  discharge.  Natural 
graphite  poles  gave  the  same  result. 

As  it  was  evident  that  the  elimination  of  a  large  portion  of  the 
impnritios  bail  little  influence  on  the  production  of  the  hydrocyanic 
acid,  the  only  other  explanation  of  its  fonuation  appeared  to  be  the 
presence  of  aqaooas  vapuur,  and  organic  impnritios  in  the  air,  or  a 
direct  futmation  of  cyanogen  from  carbon  and  nitrogen  through  the 

^•Mtykas  reaction  formerly  described.  To  obtain  a  pure  and  dry 
■taospbera  in  which  such  experiments  oould  be  carried  out,  the  follow- 
ing apparatus  was  employed  :  — 

A  tin  TeMsl,  Fig.  2,  about  2  feet  high  and  1  foot  in  diameter,  had 
«n  aanalar  spsoe,  through  which  a  constant  stream  of  water  was  kept 
flowiag.    This  cylinder  was  placed  upon  a  porcelain  stand,  having  a 

I  aurow  grooT*  filled  with  mercury,  so  as  to  make  au  air-tight  joint. 

T  2 


Profeuor  Deumr 


[Jar 


Tho  lamp  was  placed  inside  this  tossoI,  the  wires  connecting  it 
the  machiuo  being  brouglit  tlirongb  the  bottom  of  the  stand.  A 
passed  through  tho  porcelain  baxo,  which  allowed  a  cnrrent  of  di 
to  bo  forced  throngh  the  vessel.  A  small  aperture  in  the  top  o 
tin  vessel  allowed  the  glass  tul>c  coming  from  tho  positive  pole  U 
with  little  friction,  through  which  the  products  from  the  arc 
drawn.  This  annular  vessel  was  very  convenient,  not  only  for 
mining  tho  products  formed  in  the  arc,  but  also  those  formed  oi 
of  it,  and  tho  watc<r  flowing  round  it  served  the  double  purp( 
keeping  it  cool  and  enabling  a  determination  of  tlio  amount  of 
radiation  in  beat  nnits  to  be  mode. 

Fu;.  2. 


Yessols  containing  pumico  moistened  with  sulphuric  acid 
phosphoric  anhydride  wero  placed  ioside  the  cylinder  in  order  t 
the  interior  as  completely  as  possible. 

Nnmerons  experiments  mode  by  forcing  perfectly  dry  air  ini 
vessel  throngh  the  tube  A,  and  drawing  it  out  by  tho  tube  B  thj 
a  weighed  sulphuric  acid  bulb,  gave  after  an  hour  a  few  millij 
of  increase,  owing,  no  doubt,  to  some  alight  defect  in  the  soldori 
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the  tin,  which  allowed  a  capillary  film  of  water  to  cover  part  of  the 
Borfaoo  and  diffiiso  iuto  the  interior. 

When  tho  ordinary  Sionicos'  carbons  were  asod  oh  jrales  in  this 
altnnet  dry  atmoepherc,  ttio  yield  of  hydrocyanic  acid  was  still  very 
luarkcKl,  purified  carlxms  yielding  the  same  rosults. 

As  the  jriold  of  cyanugcn  coinponnds  did  not  appear  to  bo  dtmi- 
uishcd,  and  it  seemed  almost  unjioBsible  to  get  the  large  volame  of 
air  in  the  tin  vessel  perfectly  dry,  another  plan  was  adopted.  The 
pidcs  were  enclosed  iu  an  egg-shaped  gloss  globe  about  8  inches  long 
and  C  inches  in  diameter,  in  order  to  diminish  the  volume  of  air  to  be 
dried  and  dispense  with  the  water  covering.  The  glubo,  balanced 
through  a  system  of  pulleys,  was  firmly  attached  to  the  lower  or  nega- 
tive pole,  with  which  it  moved  witliout  impeding  the  automatic  action 
of  the  lamp. 

Dry  air  was  sometimes  forced  through  the  negative  carbon  itself, 
at  other  times  through  a  glass  tube  passing  up  the  side  of  it  into  tho 
globe,  tho  products  from  tho  arc  being  drawn  through  the  positive 
pole  as  bofuro. 

As  the  glass  globe  soon  became  very  hot,  and  as  a  far  larger 
supply  of  dry  air  waa  forced  through  the  globe  than  was  drawn  out 
from  tho  arc,  it  is  inconceivable  that  any  moisture  could  remain  near 
the  are  after  it  hod  boon  iu  o{>eratioti  for  a  few  minutes, 

Beven  oonaecntivo  experiments,  each  of  ten  minutes'  duration, 
made  with  the  same  purific<l  carbon  polee,  did  not  show  any  diminu- 
tion in  tho  quantity  of  hydrocyanic  acid,  unless  iu  one  of  the  experi- 
mentA.  when  the  arc  would  not  be  drawn  into  the  interior  of  tho  carbon 
tube,  bat  persisted  in  rotating  round  it.* 

Theao  experiments  show  that  drilled  carbons  even  after  prolonged 
treatment  with  chlorine,  still  contained  a  quantity  of  combined 
hydrogen,  and  organic  analyses  showed  that  the  amount  of  ash  and 
combined  hydrogen  in  tho  various  samples  was  never  less  than  about 
0'75  of  the  former,  and  as  much  as  0*1  of  tho  latter.  Polea  made 
with  oapeoially  purified  airlxm  by  Messrs.  Siemens  for  these  experi- 
BMnta  proved  to  bo  no  bettor  in  respect  to  the  quantity  of  hydrogen 
and  ash  they  contained. 

The  well-ni^  impossible  problem  of  eliminating  hydrogen  from 
maana  of  carbon  saoh  as  can  bo  employed  in  ex|>erinicnt8  of  this  kind, 
prorca  oonolnaivoly  that  the  inference  dntwu  by  Mr.  Lockycr.t  as  to 
the  •lomentarj  character  of  tho  su-culled  carbon  spectrum  from  an 
•taainalion  <^  the  arc  in  dry  chlorine,  cannot  be  regarded  as  satia- 
tttHtttj,  aeeing  that  undoubtedly  hydrogen  was  present  in  the  carbon, 
and  is  all  probability  nitrogen  in  the  chlorine. 

*  CjraiM^ni  i»  difBeolt  to  reoognixp  in  preaenoo  of  pniaaic  will  when  in  (mall 

IaaiililX>  eHMOially  when   impuritica  frnni   tli<*  narlkina  cnniplionte   tlie  teata. 
B  ifMkiax  poanllr  of  tho  funimtion  of  tbi«  arid  iu  tho  ua,  I  tlo  not  maan 
I 't» flRfodauie  {MaailMlitjr  of  oyiinu(;cn  boiii>;  rorn)ctl  lu  well. 

t  *  Noll'  on  tho  Kxintiinn-  of  r'urUm  in  tlio  CunHial  AlmotpliMe  of  the  Sun," 
Paock  Boy.  Boc,'  vol.  xtvii.  p.  'M». 
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ExperimenU  with  Carbon  Tubet.  I 

lo  order  to  aeoertain  whether  tho  furmation  of  hydrocyanio 
and  acetylene  in  the  arc  was  really  dac  to  transfomiationB  indiioi 
Bunie  occult  power  located  in  the  arc,  or  was  simply  the  result  o 
high  temperature  attained  by  the  carbons,  exixiriiuents  were  i 
in  carbon  tubes,  the  arc  being  merely  used  as  a  means  of  hea' 
The  method  of  arranging  the  arc  for  this  experiment  is  reprcse 
in  Fig.  8. 

Fir,.  M. 


A  block  of  limo  about  5  incites  long  by  3  iucbos  thick  was  dri 
horizontally,  as  shown  in  tho  drawing,  another  hole  being  drill& 
as  to  meet  it  in  tho  centre  of  the  mass. 

The  new  bricks  nsed  in  the  Bessemer  converterB  do  very  well 
all  the  experiments  of  this  description. 

A  drilled  purified  carbon  was  placed  in  the  horizontal  channel 
made  the  positive  pole,  the  negative  pole  being  a  solid  rod  of  cai 
passing  through  the  vertical  aperture.  Gases  were  passed  thro 
the  positive  carbon,  and  were  thus  subjected  to  the  intense  heat  of 
walls  of  the  tube,  the  arc  passing  outside. 

Tho  walls  of  the  positive  carbon  were  pierced  by  the  arc  ^ 
great  rapidity,  not  lasting,  as  a  rule,  more  than  fifteen  minutes.  1 
action  could  only  be  retarded  by  using  thicker  carbons,  or  by  rota 
the  tube. 

The  porosity  of  the  carbons,  which  allowed  a  constant  diffusio: 
gases  through  their  walls,  was  a  great  source  of  difficulty. 

In  order  to  prove  that  the  temperature  in  the  interior  of 
carbon  tube  is  higher  than  that  of  the  oxyhydrogen  flame,  it  is  st 
cient  to  place  in  it  a  few  small  crystals  of  diamond,  and  to  maint 
a  current  of  hydrogen  to  prevent  oxidation.    In  a  few  minutes 
diamond  is  transformed  into  coke. 

On  passing  a  mixture  of  three  volumes  hydrogen  and  one  volt 
nitrogen  thoroughly  dried  through  the  positive  polo,  a  largo  yielc 
hydrocyanic  acid  was  always  obtained,  and  on  using  et^uol  volm 
of  hydrogen  and  nitrogen  the  quantity  was,  if  anything,  increased. 

Pure  dry  hydrogen  by  itself  gave  a  trace  of  hydi'ocyanic  acid,  i 
a  considerable  quantity  of  acetylene. 
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Pure  dry  nir  gave  no  hydrocyanic  acid  or  acetylene ;  moist  air,  on 
the  contrary,  giving  abundance  of  the  former,  but  only  a  trace  of  the 
latter. 

The  yield  in  all  these  experiments  altered  considombly  with  the 
rate  at  which  the  gases  were  jiasecd,  a  quick  stream  always  producing 
more  than  a  slow  one,  unleas  when  oxygen  was  present. 

Formalion  of  Nitrite*  in  the  Are. 

In  these  experiments  the  annular  vessel  was  made  use  of,  in  which 
the  lamp  was  allowed  to  work  automatically,  often  for  an  liour  or 
two.  A  continuous  stream  of  dry  air  was  ko]>t  circulating  through 
the  interior,  being  afterwards  passed  through  a  series  of  wash  bottles 
containing  dilute  caustic  soda,  or  directly  through  strung  sulphuric 
acid,  to  absorb  the  oxides  of  nitrogen.  The  nitrous  acid  was  esti- 
mated in  the  former  case  by  titration  with  permanganate  of  potash, 
and  the  total  combined  nitrogen  by  the  mercury  process. 

In  this  way  many  experiments  were  made  with  a  Siemens  lamp, 
both  with  a  long  and  short  arc ;  JablochkofiTs  candles  without  any 
insulating  material  between  the  poles  were  also  employed  w^ith  the 
highest  intensity  current  of  a  De  Meritens  machine,  in  order  to  have 
the  greatest  variety  in  the  character  of  the  discharge. 

The  stream  of  dry  air  was  forced  through  the  vessel  at  varying 
degrees  of  speed,  and  was  found  to  have  a  ducided  effect  on  the 
qOBiitity  of  nitrites  produced,  the  more  rapid  stream,  giving  the  largest 
yield  of  nitrites. 

The  following  table  gives  the  amount  of  the  nitrous  acid  produced 
in  a  number  of  different  experiments. 

The  nitrites  are  calculated  as  nitrous  acid. 


I.  Siemens'  machine  and  lamp.     "2,  JablochkutiTs  candles. 
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boarhood  of  the  poloB  is  greatly  diminished  by  the  cotnbnstio 
carbons,  or  thnt  the  nitric  peroxide  formed  is  subsequently 
by  contact  with  the  red  hot  carbon,  or  other  reducing  product 
It  is  thus  proved  the  carbon,  nitrogen,  oxygen,  and  hydrogi 
present  at  the  tcmperatoro  of  the  electric  arc,  the  oompou 
stanoes  hydrocyanic  ooid,  acetylene,  and  nitrons  acid  arc  ia^ 
formed. 

Eadiation  Eccperim4mlt, 

In  a  report  to  the  British  Association  *  on  the  determin 
high  temperatures  in  the  year  1873,  it  was  oxporiraentally 
that  the  law  of  Dolong  and  Petit  could  not  be  used  as  a  basic 
estimation  of  high  tomporaturcH,  seeing  that  it  "  gives  a  far  tt 
increase  for  the  total  nuliation."  It  vua  further  observed  that  ti 
of  the  radiation  omitted  by  the  same  substance  at  different  temp 
expressed  in  terms  of  the  thormo-olcctric  current  incruose  of  ii 
plotted  in  terms  of  the  tomi>craturo,  reprosontod  a  "  parabolic 
A^snming  the  general  accuracy  of  this  law  for  high  tomporatu 
total  radiation  may  bo  taken  as  nearly  proportional  to  the  sq 
the  temperature.  From  this  law  the  hypothetical  tcmporatur 
son  was  "  estimate<l  as  at  least  11,000  C."  Rosetti  has  rccont^ 
a  more  elaborate  iuvcstigation  on  the  subject,  and  hos  arrive 
pondently  at  a  formula  of  a  [wrabolic  order.  Boeotti  j  repres 
results  by  the  equation — 

A»  =  aT»(T-  e)  -b(T-e), 

where  /x  is  the  total  radiation  measured  by  intensity  of 
electric  current,  T°  the  absolute  tomperataro  of  the  source,  6*° 
the  medium  surrounding  the  pile,  and  a  and  h  constants.  I 
well  this  formula  may  represent  the  complete  series  of  the 
ments,  it  is  cortoin  that  his  results  for  temperatures  obove  II 
be  expressed  within  the  limits  of  probable  error  as  proportione 
square  of  the  temperature.  To  bo  convinced  of  this,  it  is  suffi 
plot  the  logarithm  of  the  respective  values  of  the  radiation  a 
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ftt  constant  tcmperatnre  is  cansed  to  circolato,  as  represented  in 
Fig.  4,  whore  EF  represents  tbo  section  of  the  vessel,  and  CD  a  largo 
water  screen,  on  the  same  plan,  cacli  having  a  narrow  opening,  about 
half  an  inch  in  diameter,  through  which  the  radiant  heat  passoil  to 
tbo  pile,  have  confirmed  the  earlier  results.     The  vessel  holding  tbo 
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morcnry  or  other  substance  to  be  heated  to  different  temperatures  has 
a  radiating  face,  which  was  made  of  the  sheet  iron  used  in  the  con- 
ttmction  of  telephone  plates,  and  tbo  thermometer  must  bo  placed 
dose  to  the  back  of  the  front  surface,  and  the  face  guarded  with  a 
•oreen,  FG.  The  tnt>c,  CE,  is  connected  with  a  condenser,  when 
mbtteaoes  at  their  boiling  point  are  employed  for  giving  fixed  points. 
Tbe  form  of  the  apparatus  is  shown  in  Fig.  5, 

Fio.  5. 


This  arrangement  of  the  apparatus  is  neooaauy  in  order  to  get 
ftnytiung  like  eomparablo  results.  T)io  two  following  tables  give  the 
raoorSa  of  two  series  of  experiments,  without  any  corroction  being 


266 


Profetior  Deuxir 


(Jan. 


inadu  in  Uio  niimbors  reprcsoutiog  the  deviutionB  of  the  Tlioiu 
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If  the  differences  in  the  galvanometer  readings  for  every 
degrees  in  the  first  table  be  tabulated,  it  will  be  observed  the  seo 
difference  may  bo  regarded  iib  conetaut,  considering  the  errors  of  i 
kind  of  obsorvfttioii.  A  parabolic  formula  can  therefore  represent 
results  with  sufficient  accuracy.  These  Bcc<md  differences  are  fur  n 
constant  than  similar  numbers  deduced  from  llosttti's  obsorvatii 
and  Lis  more  complete  formula  in  terms  of  the  absolute  temporal 
is  too  extensive,  considering  the  range  of  tho  experiments  where  ti 
porature  was  accurately  known.  The  i-esults  of  Table  II.  extenc 
the  boiling  points  of  mercury  and  sulphur,  and  tho  numbers  are  in  b 
Rooord  witli  the  simple  square  of  the  temperature.  The  alteratioB 
tho  condition  of  tho  radiating  surfaco  at  bigli  tomjioratTires  cau 
groat  complications,  and  until  this  difficulty  is  overcome,  experime 
at  high  temperatures  must  remain  uncertain.  All  the  experime 
show  that  for  an  approach  to  a  knowledge  of  temperatures  beyond 
range  of  our  actuul  thermometric  scale,  the  law  given  in  1873  i 
sufficiently  correct  reproduction  of  the  facts,  considering  tho  limi 
data  at  our  disposal. 

The  intensity  of  the  radiation  of  the  positive  polo  of  tho  Sieme 
arc,  as  compared  with  tho  same  surface  heated  with  a  large  o: 
hydrogen  blowpijie,  was  determined  by  employiug  a  hollow  nogat 
carbon  which  allowed  tho  intensely  heated  surfaco  to  radiate  direc 
on  to  the  pile,  as  shown  in  Fig.  1.     A  largo  number  of  obscrvatic 
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haro  been  made  by  tbis  mctbod  at  difforont  times,  and  witb  slight 
modifications  in  the  order  of  tbo  experiments,  leading  to  tbe  average 
resolt  that  tbo  intensity  of  tbo  total  radiation  of  the  positive  polo  of 
tbe  Siemens'  arc  is  ten  times  thut  of  the  same  substauce  at  the  tem]>c- 
ratnre  of  the  oxybydrogen  flame.  If  we  take  an  average  result  of  nine 
to  one,  then  we  may  infer  that  tbo  tuinperatore  of  tbo  limiting  positive 
pole  is  about  6000°  C,  seeing  that  the  mean  temperature  of  the  oxy- 
bydrogen may  be  taken  as  2000^  C.  The  mean  value  of  tbe  total 
radiation  of  the  Siemens'  arc  was  determined  by  observing  the  rate  of 
flow  of  the  water  through  the  annular  vessel,  represeuted  in  Fig.  1, 
together  witb  tbe  mean  iucremcnt  of  temperature.  This  gave  on  the 
average  34,000  gram-units  per  minute,  or  a  little  more  than  three 
liorae-power. 

[J.  D.] 


Dr.  William  B.  CarpmUtr 
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Dr.  William  B.  Cabpkntkb,  C.B.  F.R.8. 

Land  and  Sea  contidered  in  relation  to  Oeohxjical  Time. 

WiiKN,  in  tlio  summer  of  1871,  I  placed  before  tbo  First  Lord  ol 
Admiralty  (Mr.  tioechcii )  the  ecliemo  of  tho  '  Clmllouger  '  Eipedi 
I  ventured  to  say  that  "  tlio  key  to  tho  interprotatiori  of  much  ol 
post  history  of  our  globe  is  at  present  lying  at  tho  bottom  of  the 
waiting  only  to  bo  brought  up."  This  prediction  has  been 
fully  vorific<l ;  hut,  as  in  the  case  of  many  another  prophecy, 
sense  very  differcmt  from  that  in  which  it  was  uttered. 

Tho  first  of  tho  general  objects  Bjwcifiud  in  my  programme* 
"  tho  dotormination  of  the  Phi/Kieal  condition  of  tbo  Deep  Son  ui 
great  Ocean  Biisins,  aa  to  depth,  tompcraturo,  composition,  and  m 
ment,"  carrying  out,  over  tho  Oceanic  area  generally,  tho  inq 
which  had  been  iuaugur&tod  by  my  colleagues  and  myself  on 
eastern  margin  of  tho  North  Atlantic.  This  object  has  been  i 
SHccossfully  accomplished,  by  a  series  of  observations  token  a 
woll-Boloctcd  liiioH  in  tho  North  ami  Sttuth  Atlantic,  the  North 
South  Pacific,  tlio  Sotithorn  and  Antarctic  Oocaiia ;  which,  comb 
with  the  ohservations  taken  in  tho  recent  Arctic  o.xi)e<liliona — Bri) 
Gorman,  and  Norwegian — afford  a  body  of  information  as  to 
Physics  of  the  Ocean,  suflSciently  complete  to  afford  a  safe  bfuiis  foi 
scientific  discussion  of  the  remarkable  pbonomcnu  now  for  the 
time  brought  into  clear  view. 

Tlio  second  of  tho  general  objects  which  I  specified  was  tho  da 
mtiiation  of  "  tho  distribntiou  of  AnivKtl  Life  on  tlie  Deep-sea  botl 
and  tho  relation  of  tho  Deep-sea  Fauna  to  that  of  pixst  Goolog 
epochs."  Tho  inquiries  previously  carried  out  by  my  collco^ 
oud  myself  had  shown  (1)  that  there  ia  probably  no  limit  to  tho  d> 
at  which  Animal  life  can  exist  on  the  ocean-bed — a  Fauna  contain 
roproacntatives  of  rU  tho  princii>al  types  of  marine  Invertebm 
having  been  found  nearly  three  mile»  beneath  the  surface ;  (2)  1 
temptrnliire  oxorta  a  most  important  influoneo  on  the  distributioi 
animal  life  on  tho  soa-bottoni ;  and  (3)  that  many  of  tho  forms  i 
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existiiig  on  the  decp-eoa  bed  bo  nearly  represent  Cretaceons  t3rpe8 
•opposed  to  have  long  since  become  extinct,  that  wo  may  fairly 
mppoae  them  to  be  their  lineal  descendants.  Hence,  I  wont  on  to 
My.  "  the  question  of  the  continnity  of  '  descent  with  modification  ' 
will  probably  receive  more  elucidation  from  the  study  of  the  Deep-sea 
Fanna,  than  from  any  other  lino  of  scientific  inquiry."  This 
anticipation,  also,  is  in  course  of  oompleto  fulfilment.  An  enormous 
■mount  of  Zoological  material  has  been  carofnlly  collected  from 
T&rions  parts  of  the  great  Oceanic  area,  and  at  depths  ranging  down- 
wards to  from  three  to  five  miles ;  and  this  is  being  studied,  with  a 
Tiew  to  all  the  determinations  I  have  indicated,  by  Naturalists  of  the 
highest  oompetenoy  in  their  respective  departments.  The  results  of 
this  part  of  the  inquiry  have  so  far  been  only  disappointing  to  those 
who  had  somewhat  unreasonably  expected  that,  because  Cretaceous 
typee  had  been  found  still  living  in  the  deep  seas  of  our  part  of  the 
globe,  the  Ammonites  of  the  Secondary  period,  and  even  the  Trilobitos 
of  the  Palicozoic,  might  be  lurking  in  abyssal  depths  elBewboro, — an 
expectation  which  I  never  myself  shored. 

Bnt  whilst  the  {wst  history  of  Animal  Life  on  our  globe  will 
doabtless  receive  all  the  new  light  which  I  had  anticipated  from  the 
■cientifio  study  of  the  'Challenger'  colloctiou,  an  unexpected  duo 
!■■  beea  found  in  the  examination  of  the  gedimenla  now  in  process 
of  denocition  on  the  Ooean-bottom,  to  the  solution  of  a  question  in 
TliTiml  Geology,  second  to  none  in  importance  and  interest,  which  I 
propose  now  to  bring  before  yon. 

Every  tjrro  in  Geology  knows  it  to  be  a  fact  not  admitting  of  a 
doubt,  that  all  our  existing  Land  has  at  some  period  or  other  been 
mder  the  sea;  and  the  converse  proposition — that  every  part  of  the 
Seft-bottom  has  at  some  period  or  other  risen  above  the  surface — 
hM  been  Tety  generally  accepted,  even  by  geologists  of  the  highest 
aninenoe.  Thns  Sir  Charles  Lyell,  in  his  chapters  on  the  vicissitudes 
ia  Climate  caused  by  geographical  changes,  assumed  it  as  a  fact 
beyond  dispute,  not  only  "  that  every  part  of  the  space  now  covered  by 
tte  deepest  ocean  has  been  land,"  but  even  that  "  the  bed  of  the  ocean 
has  been  lifted  np  to  the  height  of  the  loftiest  mountains :"  and  con- 
■idiBrod  it  proved  that  "  if  we  had  a  series  of  maps,  in  wliich  rcstora- 
of  the  physical  geography  of  thirty  or  more  periods  were  do- 
i,  they  wunld  probably  bear  no  more  resemblance  to  each  other, 
'  lo  the  actnul  position  of  land  and  sea,  tlian  docs  the  map  of  one 
beoMphere  boar  to  Uiat  of  the  other." — These  stateraouts,  I  may 
WMMik,  are  repeated  without  any  qualification  in  the  twelfth  chapter 
ol  ibe  faUest  edition  of  his  masterly  '  Principles ' ;  notwithstanding 
that  towaids  the  oonclnsion  of  the  same  chapter,  he  distinctly  reoog- 
niaed  the  enormooa  disproportion  between  the  average  oleration  of 
Iho  Land  and  the  avorago  depth  of  the  Occon-baains,  whereby,  while  a 
inprtariom  of  1000  feet  would  submerge  a  largo  part  of  the 
'  land,  a  vortical  elevation  of  from  twelve  to  fifteen 
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timca  that  amonnt  would  bo  required  to  raise  any  largo  areas  of 
ocean-bod  above  the  cxiBting  Beu-level. 

Many  Geologists  who  would  not  accept  in  all  their  fnlnese  Sii 
Lyoll's  ruther  sweeping  assertiuns,  seem  by  their  language  to  im 
their  belief  in  less  extensive  interchanges  between  Land  and  Soa ; 
fact,  I  think  a  general  belief  has  been  entertained  of  a  sort  of  see- 
movement  in  the  Earth's  crust, — one  portion  going  up  while  and 
goes  down, — which  has  seemed  to  draw  coufimtatioa  from 
Darwin's  admirahlo  researches  on  Coral  Islands. 

Somo  of  tho  ohlest  among  living  Geologists,  on  the  other  h( 
have  been  lod  hy  the  convergence  of  several  independent  linei 
inquiry — of  which  it  is  my  purpose  to  give  you  a  concise  sketch- 
a  belief  in  the  permavence,  throughout  all  geological  time,  of  what  i 
be  colled  ttie  framework  of  tho  existing  Continents,  on  the  one  b< 
and  of  tho  real  Oceanic  basins  on  tho  other.  According  to  this  v 
tho  repeated  changes  which  have  unquestionably  occurred  at  var 
periods  in  tho  distribution  of  sea  and  land,  have  been  generally  ; 
ducod  by  elevations  and  suhBidences,  for  tho  most  part  of  very  mi 
rate  amount,  in  portions  of  elevated  areas  in  the  original  crus' 
the  earth,  which  occupied  the  general  position  of  our  existing  Ce 
nonts ;  the  upheaval  of  lofty  mountain-chainB,  and  tho  formatio 
very  deep  local  troughs,  in  which  long  successions  of  sedimeni 
deposits  have  been  formed,  having  taken  place  in  parts  of  tl 
origiimllj  elevated  areas,  especially  near  their  margins.  The 
larger  Oceanic  basins  on  this  viow,  oooiipy  areas  of  the  crust  wl 
were  originally  depressed  by  an  abrupt  border,  many  thousands  of 
beneath  the  continental  platfoims ;  and,  like  them,  had  a  ne^ 
uniform  level,  until  disturbed  by  local  upheavals  and  depress 
occasioned  by  forces  subsequently  generated  daring  the  progres 
contraction  of  tho  molten  sphere  within — these  upheavals  and  dep 
sions,  when  considerable  vertically,  being  usually  limited  in  area, 
only  breaking  the  general  uniformity  of  bott-om-level  as  the  clcva 
of  the  Ural  chain  interrupts  the  uniformity  of  tho  great  plai] 
north-east  Europe  and  northern  Asia. 

I.  Now  the  first  consideration  to  which  I  would  draw  yowr  at 
tion,  is  the  enormous  dispropfirtion  which  we  now  know  to  t 
between  tho  depth  of  the  real  Ocean-floors  beneath  the  sca-lt 
and  the  heigld  of  tho  Land  elevated  above  it ;  which,  when  take 
connection  w^itli  the  relative  areas  of  the  existing  Sea  and  Li 
seems  to  render  it  highly  improbable  that  interchanges  extent 
over  large  portions  of  the  earth's  surface  could  over  have  taken  p 
between  them. — The  proportion  which  the  nrea  of  tho  existing  1 
hears  to  that  of  the  Sea  may  be  conveniently  stated  as  about  1  to 
or  as  4  :  11 ;  so  Chat,  if  the  entire  surface  of  the  globe  were  divi 
into  fifteen  equal  parts,  tho  Land  would  occupy  only  four  of  the8< 
rather  more  than  a  quarter,  whilst  the  Sea  would  cover  eleven 
rather  loss  than  three-quarters.     But  when  we  compare  tho  volnm 
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the  Land  above  the  660-16761  with  that  of  the  Water  which  occupies 
the  Ooean-liAsins,  a  far  greater  disproportion  shows  itself.  For  the 
BTerage  elevation  of  the  whole  Laud  of  the  globe  certainly  does  not 
exceed  1000  feet ; — that  of  Asia  and  Africa  being  eomewhat  above 
that  amonnt,  whilo  that  of  America  (North  and  South),  Europe,  and 
Australia  is  cnnsidcnibly  below  it.  On  tho  other  hand,  tho  average 
depth  of  the  Occon-botiins  is  now  known  to  bo  rather  over  than  under 
S^  miles,  and  may  be  taken  (for  the  convenience  of  a  round  number) 
at  13,000  feet.  Thus  the  average  depth  of  the  ocean  being  thirteen 
times  u  much  as  the  average  height  of  the  land,  and  the  area  of  the 
sea  being  2J  times  that  of  tho  land,  the  total  volume  of  the  Ocean-water 
iijoit  thirty-tix  time*  that  of  the  Land  above  the  »ea4evel. 

The  Northern  hemisphere  is  pre-eminently  the  land  hemisphere, 
•ad  the  Southern  the  water  hemisphere ;  and  the  distribution  of  tho 
two  components  of  their  respective  surfaces,  so  for  from  being 
"capricious"  (Ly ell),  is  found  to  have  a  remarkable  symmetry.  It 
is  between  lot.  30°  and  70"  thot  Water  most  predominates  in  the  Southern 
hemisphere ;  the  Southern  Ocean  forming  a  continuous  girdle  around 
it  between  Cape  Horn,  lat  56°  8.,  and  the  Antarctic  continental 
platform.  On  the  other  hand,  it  is  between  lat.  30^  and  70"  that 
Land  most  predominates  in  the  Northern  hemisphere,  girdling  nine- 
lenths  of  its  circumference  between  lat.  60'^  N.  and  the  Arctic 
Goetn. 

The  great  land-masses  of  tho  Northern  hemisphere  send  down 
three  extensions  into  the  Southern,  viz.  South  Africa,  South  America, 
and  the  Fapuo-Australian  continent ;  which  lost  may  be  considered  as 
the  southward  extension  of  the  Asiatic,  being  connected  with  it  by  a 
nearly  continuous  though  partly  submerged  continental  platform,  of 
which  the  peninsula  and  archipelago  of  Malaya  are  the  most  elevated 
portions.  It  is  further  remarkable  that  each  of  these  southward 
extensions  is  almost  entirely  detached  from  its  northern  land-mass 
by  an  intervening  sea ; — South  from  North  America  by  the  Gulf  of 
Mexico  and  Caribbean  Sea ;  Africa  from  Europe  and  Asia  by  the 
Mediterranean  and  Rod  Seas ;  and  the  Malayan  continental  platform 
from  aonth-east  Asia  by  tho  shallow  Yellow  Sea,  and  by  thoso  smaller 
•eaa,  aoiue  of  them  remarkable  for  their  depth,  that  lie  among  the  great 
Manila  of  the  Malay  Archipelago — the  intimtption  in  each  case  coin- 
ciding teith  an  area  of  ijreat  Volcanic  activity. 

On  the  other  hand,  tho  vast  Oceanic  area  of  the  Southern  hemi- 
i>phore  sends  throe  great  extensions  northwards ;  the  Pacific,  the 
Atlantic,  and  the  Inoian  Oceans,  of  which  the  two  former  are  pro- 
'  as  far  as  tho  North  Polar  area. 

lat  the  existing  borders  of  these  Oceans  by  no  means  correspond 
with  the  burdurs  of  their  real  basins.  The  deep-sea  soundings  of  tho 
*  Challenger '  have  brought  out  this  remarkable  fact — that  tlio  ocoan- 
floora  preaent  a  nniformity  of  level  which  corresponds  with  that  of 
our  moat  level  and  extensive  Continental  plains;  so  that  in  lung 
•oction-liDe*  the  diflcronoos  of  depth  (when  represented  on  true  pro- 


portional   scale*)  show    thomselTea — except  in   oases  of  local 
turbftuoo — as  undulations  of  scarcely  perceptible  gradient. 

Again,  we  now  know  that  the  borders  of  these  vast  depn 
areas  are  generally,  if  not  uniformly,  very  abrupt ;  the  midden  da 
from  a  comparatively  shallow  bottom  to  a  very  deep  one,  whicli 
first  noticed  in  the  lino  of  soundings  taken  with  a  view  to  the  h 
of  the  Atlantic  Telegraph  cable,  being  not  an  exceptional  1 
general  fact.  Taking  this  as  the  real  border  of  the  North  At| 
Ocean,  and  looking  to  the  smallness  of  tbd  gradients  presented  I 
sea-bod  (except  in  the  volcanic  area  of  the  Azores)  until  wo  i 
upon  the  like  steep  inclination  at  some  distance  from  the  Amq 
coast-line,  which  obviously  marks  the  true  western  border  al 
oceanic  area,  we  see  that  the  term  "basin"  is  a  misleading  on 
far  truer  representation  of  the  Atlantic  depression  being  a 
"  waiter "  with  elevated  sides,  having  an  npward  bulge  along 
median  lino  of  its  bottom.  On  this  view,  the  shallow  band  9 
generally  intervenes  between  the  edge  of  a  deep  Oceanic  deprei 
and  the  ostensible  coast-lino,  is  realty  to  bo  regarded  as  a  subme 
portion  of  the  adjacent  Continental  platform. 

The  contrast  between  the  real  and  tho  ottentible  borders  oj 
Oceon-boEins  is  nowhere  moro  remarkably  exhibited  than  in  the 
which  girdio  tho  British  Islands.    These  are  all  so  shallow,  that  t 
bed  is  undoubtodly  to  bo  regarded  as  a  continuation  of  the  £ur<q 
Continental  platform ;   an.  elevation  of  tho  north-western  comfll 
which,  to   tho  amount  of  only  100  fathoms,  would   reunite    G 
Britain  to  Domnork,  Holland,  Belgium,  and  France,  and  would  b 
it  into  continuity  with  Ireland,  the  Hebrides,  and  the  Shetland 
Orkney  Islands.     Not  only  would  the  whole  of  tho  Britiph  Cbaj 
be  laid  dry  by  such  on  elevation,  but  tho  whole  of  the  North  Sea  i 
with  the  exception  of  a  narrow  deeper  channel  that  lies  outside 
fiords  of  Norway.     Again,  the  coast-lino  of  Ireland  would  be  extec 
seawards   to  about   100   miles   west   of  Ghvlway,   and   that  of 
Western  Hebrides  to  beyond  St.  Kilda ;  while  a  little  further  west, 
sea-bed  shows  the  abrupt  deprossiou  already  spoken  of  as  marking 
commencement  of  tho  real  Atlantic  area.     A  like  rapid  descent 
been  traced  outside  tho  100-fathom  line  in  the  Bay  of  Biscay  (a  c 
sidorable  part  of  which  would  bo  converted  into  dry  land  by 
elevation  of  that  amount),  and  along  tho  western  coast  of  Spain  > 
Portugal,  whcro,  however,  it  takc«  place  much  nearer  the  exist 
land-border.     Tho  soundings  of  the  U.S.S. '  Tuscarora  '  in  tho  No 
Pacific,  have  sho^ni  that  a  like  condition  exists  along  tho  west 
coast  of  North  America :   a  submerged  portion  of  its  Continei 
platfijim,  covered  by  comparatively  shallow  water,  forming  a  belt 
variable  breadth  outsido  the  existing  coast-lino ;  and  the  sea-bed  tl 
descending  so  rapidly  as  distinctly  to  mark  tho  real  border  of 

•  The  use  of  a  vertical  scale  very  many  times  ns  great  aa  tho  horizontal,  ta 
t(i  iiiRsk  this  imiwrtunt  foot. 
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TMt  Pacific  depression.  And  as  similar  features  present  thomselves 
elsewhere,  it  may  be  stated  as  a  general  fact  that  the  great  Contiitenlal 
plalfomu  tumally  rise  very  abruptly  from  the  margins  of  the  real  Oceauie 
deprttted  areat. 

If,  on  the  other  hand,  wo  inquire  what  wonld  be  the  effect  of  s 
depreation  of  the  existing  Land  of  northern  Europe  to  the  same,  or 
eTon  half  that  amount,  we  find  that  very  extensive  areas  of  what  is 
now  dry  land  would  be  overflowed  by  sea ;  the  higher  tracts  and 
mountainous  regions  alone  remaining  as  representatives  of  the  Gonti- 
neatal  platform,  to  which,  nevertheless,  the  submerged  {wrtions  oqnally 
belong.  This,  as  every  geologist  knows,  has  been,  not  once  only,  but 
many  times,  the  former  condition  of  Europe;  to  which  a  singular 
parallelism  now  shows  itself  in  that  great  Continental  platform,  of 
which  the  peninsula  and  islands  of  Malaya  are  the  most  elevated 
portions.  For  the  Tellow  Sea,  which  forms  the  existing  boundary  of 
sooth -eastern  Asia,  is  everywhere  so  shallow,  that  an  elevation  of  100 
fathoms  would  convert  it  into  land ;  while  half  that  elevation  would 
lay  dry  many  of  the  channels  between  the  Malay  Islands,  so  as  to 
bring  them  into  continuity  not  only  with  each  other,  but  with  the 
continent  of  Asia.  And  Mr.  Wallace's  admirable  researches  on  the 
■oology  of  this  region  have  shown  that  such  continuity  undoubtedly 
firirtffd  at  no  remote  period  ;  its  Mammalian  fauna  being  essentially 
Arfatic  On  the  other  hand,  a  like  elevation  would  bring  Papua  into 
liiil  nrmtinnity  with  Australia;  with  which,  in  like  manner,  the 
intiaaey  of  its  zoological  relations  shows  it  to  have  been  in  former 
ooimaotion.  The  Indo-Molay  province  is  separated  from  the  Papuo- 
AmlMlian  province  by  a  strait,  which,  though  narrow,  is  so  much 
ieepsr  than  the  channels  which  intervene  between  the  separate 
ncnbers  of  either  group,  that  it  wonld  still  remain  as  a  fissure  of 
eoonderable  depth,  even  if  the  elevation  of  the  two  parts  of  the  groat 
area  it  divides  were  sufiicient  to  raise  each  into  dry  land.  The 
Malajmn  land-area  would,  however,  be  still  broken  by  small  Inland  Seas 
of  extrkordinary  depth.  One  of  these,  known  as  the  8ulu  Sea,  which 
Ilea  between  the  north-west  coast  of  Borneo  and  the  Philippines,  and 
ia  elsewhere  enclosed  by  smaller  islands  and  roofs  connecting  thorn, 
ranges  downwards  to  2225  fathoms.  Another,  the  Celebes  Sea,  which 
liea  to  the  west  of  Bomoo  between  Mindinao  and  Celebea,  baa  a  deptb 
of  2050  fathoms.  And  the  Banda  Sea,  which  lies  between  tlie 
aonthem  part  of  Celebes  and  Now  Guinea,  with  tlie  islands  of  Coram 
on  the  north  and  Timor  to  the  south,  has  the  still  more  extraordinary 
depth  of  2800  fathoms.  A  general  elevation  of  a  few  hundred  fatlioms 
vonid  detach  these  Seas  from  the  two  great  Oceanic  areas  which  thoy 
BOW  help  to  oonneot  ■ ;  and  yet  they  would  still  remain  by  for  the 


Uj^*  The  dvplh  down  to  which  each  of  them  oommaaiealM  with  ths  Oeean  oat- 
Upm  Is  iWiwnilnable  by  ita  correspoodeooa  in  temperature.    Below  the  piano  nf 
'AuUiiuIky,  (hs  tcmponture  of  the  «irlow>d  8«a  mnuiu  eooatant  to  tbe  bottom 
(a*  in  the  MeditnnnniD).  while  thnt  of  the  <)rc-aii  ihowi  a  rnntiDOoua  dcKeut 
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deapast  of  tho  gmaller  depressions  anywhere  occnrring  1 
•raM. 

Tbe  ooonrrenoe  of  theee  gigaatic  pit-bolee   in   this 
extraordinary  Volcanic  activity  has  a  singular  significance ;  i 
when  taken  in  connection  with  the  fact  that  like  deprcssio 
Ocean-bed  which  have  been  elsewhere  met  with,  are  also  in 
areaa.     Thas  the  first  of  the  '  Challenger '  soundings  which 
depth  (3875  fathoms)  greatly  exceeding  that  of  the  ordinar; 
tbe  Atlantic,  was  made  not  far  north  of  St.  Thomas's,  in  whi 
regarded  as  a  continuation  of  that  "  lino  of  fire  "  which  is  a 
in  the  lesser  Antilloa.     The  sonuding-wire  of  the  United  S( 
'Tascarora'  twice  broke,  without  reaching  bottom,  in  near  ] 
to  the  volcanic  region  of  Japan,  at  depths  considerably  < 
4000  fatlioms.     And  tbe  deepest  bottom  sounded  by  tbe  *  Ch 
4575  fathoms  or  27,450  feet, — which  seems  to  have  been  a  \oct 
sion  of  a  sea-bed  averaging  abont  half  that  depth,  and  was 
on  the  passage  between  New  Guinea  and  Japan,  not  far 
Ladrone  Islands, — was  also  presumably  in  a   line  of  volci 
tnr  banco. 

Again,  tho  'Challenger'  observations  enable  it  to   bo 
with  confidence,  that  wherever  Land  shows  itself  *  in  the  greal 
area,  forming  what  are  distinguished  as  "  oceanic  islands  "  ta 
which  are  merely  outlying  portions  of  continental  platforl 
islands  are  all  roleanic ;  their  elevation  having  been  due  to  foro 
only  in  limited  spots  or  over  particular  linos,  and  not  to  an] 
uplifting  of  the  bottom  of  the  basin.     So,  on  the  other  h 
contours  of  tho  Deep-sea  bod,  so  far  as  they  have  been  deti 
give    no   countonanco   whatever  to   the   notion   of  such   a 
subsidence   as   would   have   produced    tho   submergence  of 
Continental  platform  in  any  part  of  the  vnst  Oceanic  area ;  \ 
negative  conclusion  receives  striking  conlirmation  (as  will  1 
appear)  from  the  entire  absence,  in  the  sediments  at  present  in 
of  deposition  at  a  distance  from  existing  continental  land, 
traces  of  land-degradation. 

II.  The  progress  of  Geological  inquiry  has  now  made  it  a 
that  the  movements  of  elevation  that  have  occurred  from  time 
in  various  parts  of  the  Land-areas  of  the  globe,  have  been  th' 
of  forces  acting  in  two  different  directions — verfical  and  ho} 
Extensive  platforms,  of  which  European  Russia  aSbrds  a  consj 
example,  have  been  several  times  raised  into  land  (with  alter 
of  depression)  by  a  force  that  soems  to  have  operated  directly  u 
and  with  such  uniformity  over  a  vast  area,  as  to  have  produoe 

*  Ab  in  all  the  Cora!  iBlnnda  in  vhinh  basal  rock  ehows  itaelT,  that 
VolMinic,  the  same  may  fairly  be  preBumtd  to  be  the  churacttr  of  the  sab 
p«ak«  on  which  tlioae  "  atolU  "  re»t,  above  whogo  level  platforms  no  roc! 
now  rises. 


1880.] 


on  Land  aitd  Sea  in  relation  to  Oeolof/ical  Time. 


275 


le  change  in  tho  relative  levels  of  its  different  parts.  These  alter- 
'iwtions  of  depression  and  elevation  have  all  been  appareutlj  of  very 
moderate  vertical  amount.  Over  the  vast  area  of  Russia,  we  find,  as  a 
role,  Uiat  the  sediments  which  have  been  successively  deposited  upon 
it  exhibit  a  most  regular  stratification,  and  have  undergone  little  or 
no  metamorphic  change ;  Silurian  clay-slntes  being  represented  by 
hardenod  clay ;  and  Cuboniferoos  limestone  showing  itself  as  an 
aggregate  of  compacted  (foramiuiforal)  FttmtlincB. 

On  the  other  hand,  a  force  acting  horizontally  against  tho  margin 
of  a  previously  level  area,  will  throw  it  into  plications,  of  which  the 
elevated  portions  will  form  mountain-ranges.  The  strata  forming 
tlaeae  rkoges,  which  show  by  tlieir  contorted  condition  the  enormous 
IktanJ  thrust  to  which  they  have  been  eubjectod,  always  exhibit 
more  or  less  of  motamorphio  change ;  and  this  motamorphism  is  now 
generally  regarded  as  the  effect  of  heat,  acting  in  conjunction  nnth 
moisture,  and  osnally  under  pressure.*  The  source  of  this  heat 
is  to  be  found  in  the  very  mechanical  energy  which  effects  the 
plication ;  resistance  to  which,  as  in  ordinary  friction  and  compression, 
will  cause  it  to  take  that  converted  form.  This  plicating  process  acts 
along  definite  lines  and  bands,  the  width  of  which  is  usually  small  in 
pn^wrtion  to  tho  vast  area  of  the  wide  continental  platforms ;  and 
tk«a  it  happens  that  notwithstanding  the  enormous  height  to  which 
the  moet  elevated  peaks  may  be  lifted  (Mount  Everest  29,000  foet), 
little  ia  added  by  Mountain-making  to  the  arera«je  level  of  any  great 
continent  But,  again,  the  operation  of  this  lateral  thrust  is  now 
gcmcrally  reognized,  not  merely  in  the  elevation  of  mountain-ranges, 
bat  also  in  Volcanic  action ;  the  fmiiou  of  the  compressed  rocks 
being,  in  fact,  only  a  further  stage  of  motamorphism,  and  being  fairly 
■Itnbatablc,  like  it,  to  the  production  of  heat  by  the  conversion  of 
Mechanical  force. 


ni.  The  recent  progress  of  Physical  Astronomy,  again — mainly 
through  the  application  of  tho  Spoctroecopo  to  the  study  of  tho  phy- 
aieal  and  chemical  conditions  of  celestial  bodies  in  various  stages  of 
■fjgngation — seems  now  to  have  placed  it  beyond  reasonable  doubt 
thai  the  earth  has  cooled  down  from  the  state  of  a  molten  moss ;  and 
the  probable  effect  of  the  progressive  cooling  and  shrinkage  of  its 
iatvior,  npon  the  conformation  of  the  crust  which  first  solidified  around 
it,  ham  been  Tery  carefully  worked  out  by  Professor  Duna;^  an  outline 


^Hpbaihueii 
Qmm  apb« 


*  TtOhmtsr  Hall,  tho  aUe  Superfntcndent  of  the  Oeologioal  Surrey  of  TrvlaDd, 
n  that  in  llip  luvel  tract  of  CarbonifimuH  Limntone  whioh  tbero  fomis  n 
itrBlpUtcaUgtheorganieoriKinortlie  liiudtoneiiTerydixtinrt:  whilst  in 
apbcaTcd  and  eontortod  atrata  of  the  aomo  rock  which  ronii  the  t'leTBtc<l 
bacd«n  ol  that  platoon,  the  nrcanio  origin  of  the  UmMtone  ia  compli^trljr  obacured 
hf  aataiuaqtblc  change,  whiob  baa  kivcd  it  n  ratwrjatalline  t«xture, 

t  B»»  the  chapten  on  "  Dyiiamicnl  Qcoloffy."  in  (hr  S«x>nd  Edition  of  hU 
'Maaaol  of  Geology'  (I87S):  and,  for  o  rullcr  ei|><viti»n  of  hi*  viem,  hit 
Maaoir  in  the  *  Aneriean  Journal  of  Science,'  .luiic  In  t^>pti'mber,  1878. 
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of  wlioRO  tlieorcHcal  views  will  show  how  entirely  tlioy  linniioni 
the  conclnsions  drawn  from  inquiry  into  the  present  conditiom 
gre»t  Oceanic  areas : — "  As  the  globe  has  cooled  from  fa 
has  been  all  through  time  a  contracting  globe ;  and  this  conl 
of  the  crust  has  boon  the  chief  agency  in  determining  the  ef 
of  the  earth's  surface-features,  and  the  successive  phases  in  i 
hintory."  "  The  crust  which  should  form  over  a  melted  sphei 
cooled,  would  have  the  size  the  sphere  hod  at  the  time.  As  il 
ened  downwards  by  the  continued  cooling,  the  added  portioni 
contract ;  and  this  would  occasion  lateral  pressure  through  tbi 
which  would  increase  as  the  cooling  and  tliickcning  conti 
Seasons  are  adduced  by  Professor  Dana  for  the  belief  that  the 
tion  of  the  solid  crust  would  not  go  on  at  the  same  rato  all  o 
sphere ;  but  that  some  portions  of  the  surface  would  solidify 
layer  several  miles  in  thickness,  whilst  over  other  largo  on 
surface  would  still  be  liquid  or  in  a  state  of  only  incipient  so] 
tion.  The  level  of  the  latter  would  be  gradually  lowered  by  ti 
traction  of  the  cooling  mass  bouoath  ;  and  the  crust  of  these  doj 
areas  would  constitute  the  Ocean-floors,  whilst  the  elevated  areaa 
by  abrupt  sides  from  their  borders,  would  remain  as  Coni 
plateaus.  The  study  of  the  geological  structure  of  the  North 
can  continent  leads  Professor  Dona  to  the  conclusion  that  "  in  j 
inception,  not  only  was  its  general  topography  foreshadowed, 
great  mountain-chains  appear  to  have  been  begun,  and  its  grea 
mediate  basinB  to  have  been  defined.  The  evolution  of  the 
structure-lines  of  the  continent  was  thus  early  oommenoed,  i 
system  thus  initiated  was  the  system  to  the  end.  Here  is  one 
reason  for  concluding  that  the  continents  have  always  been  cont 
that  while  portions  may  have  at  times  been  submerged  some  th( 
of  feet,  the  ContinenU  have  rievcr  charnjed  places  irilh  the  Oceans. 

The  progressive  shrinkage  of  tho  internal  mass,  as  its 
proceeds,  must  produce  a  falling  inwards  of  the  cruat  formed 
it ;  and  the  lateral  pressure  thus  exerted  through  the  whole  en 
necessitate  a  3rielding  somewhere.  Tho  lateral  thrust  is  likelj 
exerted  most  advantageously  from  the  floors  of  the  depressed  ( 
areas  against  the  sides  of  the  elevated  Continental  plateaux  ;  a 
is  borne  out  by  tho  fact  that  "  the  continents  have  mountain 
their  borders,  while  the  interior  is  generally  low  " ;  and  that  "  t 
eanoes  of  the  continental  areas  are  mostly  confined  to  the  8ea-b< 
Further,  "  the  largest  and  loftiest  mountain-chains,  greatest  vol 
and  other  results  of  npliftiog  and  disruptive  force,  charootei 
borders  of  the  greatest  oceans,  showing  that  tho  lateral  prcssu 
the  direction  of  the  oceans  was  approximately  proportional  to 
tent  of  tho  oceanio  basins."  Thus,  in  North  America  the  loi 
massive  Alloghanies  are  raised  up  on  tho  PociiiG  side ;  the 
Appalachian  chain  on  tho  Atlantic.  In  South  America,  th 
chain  of  tho  Andes,  with  its  lofty  volcanoes,  is  in  like  contra 
the  comparatively  insignificant  mountains  of  Brazil.    So,  on  th 
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pean  side  of  the  Atlantic,  the  moantaina  which  border  the  Oceanic 
b«mn  oorrespond  in  scale  with  those  on  its  western  border,  rather  than 
with  those  on  the  Pacific  slope  of  the  American  continent.  On  the 
western  side  of  the  Pacific,  on  the  other  hand,  tho  Malayan  Archii>e- 
Iftgo  constitute*  (as  already  pointed  out)  a  region  of  extraordinary 
Toloanic  activity ;  and  this  is  i)robably  the  greater  on  account  of  the 
comparative  narro^vness  of  this  continental  plateau,  so  that  it  is  subject 
to  the  lateral  thrust  of  the  soa-bed  of  tho  Indian  Ocean  in  addition. 

But  the  lateral  thrust  exerted  by  these  floors,  being  resisted  by  the 
bnttrecaea  presented  by  the  continental  plateaux,  will  tend  to  produce 
an  npward  bulging  of  these  floors  themselves,  especially  in  their 
median  portion.  And  this,  again,  corresponds  with  fact ;  such  an  up- 
ward bulging  showing  itself  in  tho  median  portion  of  the  bod  of  the 
Atlantic,  both  north  and  south  ;  while  the  force  which  raised  this,  also 
manifests  itself  in  the  volcanic  action  which  has  pushed  up  the  Azores 
and  Tristan  d'Acunha  in  corresponding  poeitious.  80,  in  the  North 
Pacific,  we  have  the  remarkable  volcanic  Hawaian  group,  occupying 
the  same  relative  position  as  the  Azores  in  the  North  Atlantic ;  while 
over  the  still  wider  expanse  of  tho  Sonth  Pacific,  there  seem  to  be 
several  of  these  upward  bulgings,  that  have  exploded  (so  to  speak), 
here  and  there,  in  local  volcanic  action. 

I  must  not  follow  Professor  Dana's  masterly  hypothesis  into 
farther  detail,  but  must  content  myself  with  noticing  one  point  which 
aeetna  to  me  of  singular  interest — namely,  tho  explanation  he  gives  of 
the  depression  of  portions  of  what  he  regards  as  the  original  continental 
platforms,  over  which  long  series  of  sedimentary  deposits  have  been 
tonnod,  of  course  implying  a  subsidence  of  their  base  to  an  amount 
si  least  equal  to  their  total  thickness.  The  first  step  in  ordinary 
numntun-making  by  lateral  thrust,  is  affirmed  by  Professor  Dana  to 
be  a  dme*wnrd  bend  of  the  crust,  or  "  geosjmclinal."  "  In  the  making 
of  the  Appalachians,  there  was  first,  under  the  lateral  pressure,  a 
slowlr  progressing  subsidence  ;  it  liegan  in,  or  before,  the  Primordial 
period,  the  oommenciug  era  of  tho  Silurian,  and  continued  in  progress 
mtfl  the  OarboniferotiB  age  closcil.  As  the  trough  deepened,  deposits 
gf  Mdiment,  and  sometimes  of  limestone,  were  made,  that  kept  the 
^ir*f"^  fit  the  region  near  the  water-level ;  and  when  the  trough 
wdwd  its  maximum,  there  were  40,000  feet  of  thickness  of  stratified 
mek  in  it,  and  this,  therefore,  was  thedeptli  of  the  trough.  Tho  Green 
Uoiuntains  began  in  a  similar  subsidence,  and  at  the  same  time ; 
1  tbo  trough  was  kept  full  with  deposits  as  it  progressed.     Such 

I  are  in  the  history  of  many,  if  not  all  mountains." 

Tb*  foregoiBg  arguments  may  be  thus  oombinod : — 
A.  The  onormoos  depth  of  the  Oceanic  sea-bed,  as  compared  with 
tt«  W^tof  the  Land  above  the  soa-lovol,  renders  it  very  unlikely  that 
tatf  mAmAmtb  of  a  LAnd-area  shonld  be  compensated  by  such  an  ui>- 
Hnag  of  •  portion  of  tho  Oocan-floor  as  would  raise  it  above  that  level. 
Tbm^  MppociBg  that  aU  the  Land  of  tho  globe  wore  to  sink  down  to  the 
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$ea-Uvel,  Buoh  snbsidenoe  would  be  balanced  (occording  to  the  en 
idea  of  compcnrntory  alteniAtion)  by  an  elevation  up  to  that  leve 
portion  of  the  average  Ocean-floor,  amounting  to  no  more  tliau  1- 
of  its  existing  area.  On  the  other  hand,  the  sinking  of  such  ai 
as  that  of  Papuo- Australia  (which  forms  about  1-1 7th  of  the  ex 
land-Burfacc)  to  the  depth  of  the  average  Ocean-floor,  would  re 
to  balance  it  an  elevation  of  the  whole  remainder  (IS-liths)  o 
existing  Land  to  double  its  present  average  height  above  tili 
level.  ^ 

B.  Wherever  tho  uniform  elevation  of  an  extensive  Land-art 
dicatcB  its  upheaval  by  a  force  acting  vertically  throughout,  the  as 
of  such  elevation  seems  to  have  boon  very  limited, — no  such  leve! 
showing  itself  at  any  oonsidcrnblo  height  above  tho  soo.  Conve 
there  is  no  adequate  reason  to  believe  that  any  extensive  area  ha 
nniformly  subsided  l)eneath  the  sea-level,  to  any  greater  deptk 
that  at  which  lie  tho  Bubmerged  portions  of  some  existing  Contii 
platforms. 

C.  On  the  other  hand,  all  great  elevations,  whether  rising 
Continental  platforms  or  from  the  Oceanic  sea-bod,  are  clearly  atl 
table  to  lateral  thrust ;  ami  such  are  everywhere  of  very  11 
extent,  forming  mouiitain-chiiias  or  high  table-lands  in  Contu 
and  volcanic  islands  in  the  Oceanic  area,— in  neither  case  havio 
least  rcsomUanco  to  continental  plateaux.  And,  conversely,  tht 
deep  deprosKions  in  which  long  series  of  stratified  depositw 
accumulated,  only  occur  as  consequences  of  tho  lateral  thrust  I 
produces  plication,  and  which  elevates  mountain-ranges  as  part  i 
same  operation.  Local  subsidences  of  this  kind,  therefore,  gi' 
support  to  the  idea  of  such  vast  general  subsidences,  as  won 
required  to  create  a  deep  Oceanic  depression  over  any  area  nowi 
pied  by  a  Continental  platform. — Inland  seas,  in  fact,  may  be  reg 
as  troughs  of  this  kind,  which  have  been  formal  in  regions  of  « 
ordinary  disturbauoo,  in  which  tho  troughs  have  been  formed 
rapidly  than  thoy  can  be  filled  by  tho  accumulation  of  sediment 
the  elevations  of  which  they  are  tho  oomploments.  The  largt 
them  (the  Mediterranean  and  Central  American)  may  possiblj 
been  original  breaks  in  their  Gontinoutal  platforms. 

Thns,  then,  all  our  knowledge  of  the  existing  relations  bet 
Continental  plateaux  and  Ocean-basins,  and  of  the  forces  by  i 
those  relations  might  probably  bo  disturbed,  points  distinctly  t 
inference  that  these  relations  have  never  been  very  different 
what  they  are  now.  And  tho  entire  conformity  of  tho  results  of 
reasoning  from  the  present  to  the  past,  with  those  of  Professor  D 
reasoning  in  tho  contrary  direction  from  the  primal  ossumj 
(which  no  man  of  science  would  now  call  in  question)  of  the  Ei 
original  fluidity,  affords  strong  confirmation  of  its  validity. 

I  am  for  from  aflirming  that  considerable  local  changes  ma; 
have  occorrotl  in  past  epochs,  which  may  have  bad  very  impo 
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I  npon  tbe  distribution  of  Plants  and  Animals ;  so  that,  on  the  one 
Laud,  Land-continuity  has  been  established  where  there  was  formerly  a 
complete  intcrruptiou  ;  whilst  on  the  other,  coutinonts  now  for  tho  most 
part  separated  by  Oceanic  areas,  or  islands  cut  off  from  neighbouring 
continents  by  deep  channels,  may  have  been  at  one  time  in  coutinuuua 
connection.  My  contention  is  that  such  connections  have  been  formed 
bj  the  elevation  of  mountain  ridges  (terrestrial  or  submarine)  by 
IfttenJ  thrust ;  and  not  by  the  vertical  elevation  of  a  groat  area  of 
8e»-bottom  into  a  continental  plateau.  Thus,  there  appears  to  be 
TaUd  evidence  that  the  surface-connection  between  North  and  South 
America  is  comparatively  modem  ;  a  commnnication  between  the 
Atlantic  and  Pacific  basins  having  formerly  existed  where  now  in- 
terrapted  by  tbe  Isthmus  of  Daricn,  tho  elevation  of  which  probably 
does  not  date  back  further  than  the  early  Tertiary  period.  So,  in 
the  North  Atlantic,  tbe  extension  of  the  European  platform  to  the 
wwt  of  tbe  Shetland  Islands,  the  existence  of  a  ridge  at  only  about 
200  fathoma'  depth  beneath  the  surface  between  tho  Faroes  and  Ice- 
Lmd,  and  of  another  ridge  at  a  greater  depth  between  Iceland  and 
Oreenbuid,  renders  it  not  unlikely  that  at  some  former  period  Europe 
■ad  North  America  may  have  had  a  band  of  connection  along  thia 
line.  On  tho  other  hand,  the  knowledge  we  now  possess  of  the  con- 
figuration of  the  more  southerly  part  of  that  Oceanic  area,  seems  to 
preclnde  the  jirobability  of  the  former  extension  of  a  great  continental 
platfooD  (the  hypothetical  Atlantis)  between  Europe  and  America  iu 
the  parallel  of  ue  Azores.  So,  as  it  seems  to  me,  the  remarkable 
relations  pointed  out  by  Sir  J.  D.  Hooker  between  tho  Floras  of  New 
Zealand,  Tasmania,  and  South  America,  may  be  accounted  for  by 
connecting  ridges  raised  by  lateral  thrust,  without  supposing  the  ex- 
istence of  a  vast  Antarctic  continent  now  deeply  submerged.*  And 
the  former  connection  of  Madagascar  with  tho  African  continent, 
distinctly  indicated  by  the  distribution  of  animal  and  vegetable  life 
on  the  western  portion  of  tho  island,  might  easily  have  been  esta- 
blished by  an  elevation  of  tho  bottom  of  tho  Mozambique  Channel  by 
lateral  thrust.  There  are  even  indications,  in  the  groups  of  volcanic 
islets  lying  to  tho  north-east  of  Madagascar,  tliat  this  great  island 
may  have  been  once  in  connection  through  them  with  the  Asiatic 
oontinent 

Bach  limited  and  local  changes,  I  again  repeat,  are  perfectly  con- 
Bist«nt  with  tho  doctrine  of  general  permanence.  And  I  have  now, 
in  ooodusion,  to  show  how  remarkably  this  doctrine  is  conlirmoil  by 
oompuison  of  the  deposits  ascertained  by  tho  'Challenger'  sound* 
jags  to  be  now  going  on  upon  the  real  Ocean-floors,  with  those  in 
i  of  formstion  on  the  shallow  bottoms  near  land. 


*  Wa  (tni  know  too  litUo  atmat  tho  confiKiirmtion  of  tbe  Bm  bed  of  tbs  peat 
6e«tliem  Oecaa,  to  enable  any  Jcfinito  oiiiniou  U>  Iw  at  prrtont  fonned  oa  this 
IwteL  AU  that  nui  be  laid  iv,  tlmt  cm  ptiytioMl  svideDfc  of  the  formor  exiitaoca 
of  Meh  a  ocnaectiog  ooutincul  bn*  ks  )«l  b««o  obtained. 
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IV.  The  examination  which  Mr.  Morray  has  made  of  the  nni' 
of  the  Oceanic  (lepositB  bronght  up  by  the  '  Challenger '  BonndingB 
dredgings,  aflbrds  conclusive  evidence,  that  tlie  floor  of  the  real  Oca 
area,  unless  in  the  near  neighbourhood  of  the  Continental  platfoi 
is  not,  and  never  has  been,  covered  with  sediments  formed  by 
dcgmdiition  of  the  existing  land ;  suuh  eodiments  being  deposited  c 
on  the  shallow  bottoms  not  far  from  shore,  which  (as  already  poll 
out)  may  be  considered  as  in  reality  submerged  portions  of  tl 
very  platforms,  and  as  not  belonging  to  the  true  Oceanic  area.  Y 
the  exception  of  certain  patches  of  clay,  which  there  is  strong  evidc 
for  regarding  as  a  product  of  the  decomposition  of  pumice  ojei 
from  volcanic  vents,  all  the  sediments  now  in  process  of  deposi 
on  the  Oceanic  sea-bed  are  of  organic  origin :  a  calcareous  ooze, 
sembling  chalk,  being  produced  by  the  decomposition  of  the  < 
tinually  aocnmnlating  shells  of  Foraminifera ;  and  a  gilieeout  ( 
being  formed  by  the  like  aocmnulation  of  the  skeletons  of  Badiolar 
in  the  warmer  zones,  and  the  loricm  of  Diatoms  in  the  col 
Although  volcanic  sand  was  of  course  met  with  over  the  vola 
areas,  ordinary  siliceous  sand,  resembling  tliat  of  our  own  shores 
shallow  bottoms,  has  nowhere  been  defected  on  the  deep-sea  hut 
And  thus,  if  tliis  bottom  were  to  be  raisod  into  dry  land,  it  wouli 
found  entirely  destitute  of  those  inorganic  sodimontary  deposits,  wl 
constitute  by  far  the  larger  part  of  the  succession  of  stratified 
mations  with  which  geological  inquiry  has  made  us  familiar.  I 
best  make  obvious  to  you  the  full  aignificance  of  this  fact, — whiol: 
Professor  Gieikte  has  recently  remarked,  is  of  the  piofoundest  inte 
for  geologists  and  geographers,—  by  citing  the  views  of  that  emii 
geologist  as  to  the  mode  cf  formation  of  the  long  succession  of  sti 
fied  rocks,  which  originated  in  the  deposit  of  sediments  formed 
the  degradation  of  pre-existing  land.  "  Among  the  thickest  ma 
of  sedimentary  rock — those  of  the  ancient  Palmozoic  syatems- 
featurcs  recur  more  continually  than  the  alternations  of  diflfe 
sediments,  and  the  rccurroneo  of  surfaces  covered  with  well-prosei 
ripple-marks,  trails  and  burrows  of  annelids,  and  polygonal 
irregular  desiccation-marks  like  the  cracks  at  the  bottom  of  a  i 
dried  muddy  pool.  These  phenomena  unequivocally  point  to  ahal 
and  even  littoral  waters.  They  occur  from  bottom  to  top  of  format 
which  roach  a  thickness  of  several  thousand  feet.  They  can 
intei-proted  only  in  one  way,  viz.  that  the  formations  in  question  bt 
to  be  laid  down  in  shallow  waters ;  that  during  their  formatioa 
area  of  deposit  gradually  subsided  for  thousands  of  feet ;  yet  that 
rate  of  accumulation  of  sediment  kept  pace  on  the  whole  with 
depression ;  and  hence,  that  the  original  shallow-water  charactai 
the  deposits  remained,  even  after  the  original  sea-bottom  had  I 
buried  under  a  vast  mass  of  sedimentary  matters."  The  same  he  h( 
to  bo  true  of  the  relatively  thin  and  much  more  varied  formation 
later  date.  So  it  is  evident  that  the  materials  of  these  sodimeot 
rocks  must  have  been  deposited  in  near  proximity  to  the  land 
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tha  degradation  of  whicL  they  were  produced.  "  From  the  earliest 
geologieal  times  the  groat  area  of  deposit  has  bcoD,  as  it  still  is, 
the  marginal  belt  of  sea-floor  skirtiug  the  land."  This  double 
prooeas  of  degradation  of  old  laud,  and  de]>oeit  of  materials  fur  the 
new,  "belongs  to  the  terrestrial  and  shallow  oceanic  parts  of  the 
earth's  surface,  and  not  to  the  deep  and  wide  oceanic  basins."  The 
'  Challenger '  explorations  have  now  furnished  absolute  proof,  that 
the  deposits  now  in  progress  on  the  flcwrs  of  the  ocean-basins  have  no 
real  analogy  among  the  past  sedimentary  formations  which  geological 
inquiry  brings  into  view.  "  Wo  now  know  by  actual  inspection, 
that  the  ordinary  sediment  washed  oflf  the  land  sinks  to  the  sea-bottom 
before  it  reaches  the  deeper  abysses ;  and  that,  as  a  rule,  only  the 
finer  particles  are  carried  more  than  a  few  score  of  miles  from  the 
shore."  On  the  abyssal  depths  the  sedimentary  deposit  gathers 
so  slowly,  that  the  particles  of  meteoric  iron — the  star-dust  whidi  falls 
from  outer  space — form  an  appreciable  part  of  it. 

"  From  all  this  evidence,"  continues  Professor  Geikie,  "  wo  may 
Isgitimately  conclude  that  the  present  land  of  the  globe,  though  con- 
niving in  great  measure  of  marine  formations,  has  never  lain  under 
the  deep  aea ;  but  that  %t»  tile  must  alwayt  hare  been  nenr  land."  "  The 
present  Oontinental  ridges  have  probably  alwajrs  existed  in  some  form  ; 
and  aa  a  corollary  wo  may  infer  that  tlio  present  deep  Occau-bosius 
likeviae  date  from  the  remotest  geological  antiquity."  * 

It  is  now  nearly  eleven  years  ago,  that  I  first  ventured  in  this 
place  to  break  ground  in  regard  to  a  subject,  for  the  discussion  of 
which  my  prcviuns  pursuits  might  have  been  thought  to  give  me  no 
special  qualification.  I  then  made  known  the  conclusion  which  hod 
been  arrived  at  by  my  colleague  Professor  WyviUe  Thomson  and 
myself  that  no  essential  change  had  taken  place  in  the  great  basin 
of  the  North  Atlantic  since  the  elevation  of  the  Chalk  of  Europe  and 
America  into  dry  land ;  and  that  the  globigcriua-ooze  now  accumu- 
lating on  its  bottom  is  not  a  netc  chalk-formation,  but  a  continuation 
of  the  old,  which  has  there  gone  on  uninterruptedly  through  the 
whole  of  that  Tertiary  period,  during  which  a  long  succession  of 
wied  fomutionB  has  been  in  jirogross  of  deposit  round  the  margins 
et  the  flootinental  lands.  But  I  somewhat  incautiously  adopted  the 
llUlnmiiiii  of  my  friend,  "  that  we  might  be  said  to  bo  still  living  in 
Am  Cretaceous  epoch."  This  brought  down  a  sUirm  of  geological 
indignation  on  our  heads.  We  were  accused  by  one  of  our  very 
highest  anthoritios,  of  attempting  to  disturb  the  well-establislied 
doctrines  of  geological  succession  ;  and  wore  represented  by  another 
as  showing  a  oomidt-tb  ignorance  of  what  a  geological  "  epoch  "  really 
meant  When,  however,  we  explained  that  nil  we  contended  for  was 
llw  pewirtence  of  a  deep  Ooosn-basin  in  tlie  Atlantic  area,  and  the 


*  liSCtHN  an  '  Oeoeraphiral  Evolution,'  dcliTered  bebia  the  Boyal  Gcoora- 
»Ueal  Soctsty,  MaKb  S4,  1K79. 
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continuod  furmatiou  of  globigerina-ooze  on  it8  bottom,  from 
CrctacGons  epoch,  through  the  whole  Tertiary  period,  down  to 
prcsout  time,  our  nccusers  began  to  think  uur  doctrine  worthy 
ooDsidcration  ;  and  not  many  years  elapsed,  before  it  came  to 
generally  accepted  as  (to  say  the  least)  not  improbable.  The  progi 
of  Doop-sca  research,  and  my  own  further  reflection  on  the  vast  ( 
proportion  between  the  mass  of  the  Land  above  the  sea-lovel  and 
volume  of  the  Water  beneath  it,  mode  me  think  it  probable  t 
this  view  would  bear  extension  to  all  the  great  Ocean-basins.*  W] 
I  found  it  advtKMited,  on  quite  other  groimds,  by  a  geologist  so  < 
tinguished  for  his  combination  of  vaet  practical  knowledge  « 
profound  the<jretical  ability,  as  Professor  Dana,  I  naturally  J 
increased  coutidenco  in  it.  And  now  that  Professor  Geikie  1 
formally  pronoaucod  it  to  be  in  his  judgment  the  only  one  thai 
consistent,  on  the  one  hand,  with  the  facts  revealed  by  geologi 
inquiry  as  to  the  conditions  under  which  the  ])a8t  sedimentary  depoi 
were  formed,  and  on  the  other  with  the  facts  determined  by 
*  Challenger '  observations  as  everywhere  presenting  themselves  O 
the  real  Oceanic  sea-bed,  I  vouturo  to  present  it  to  you  with  n 
degree  of  assurance,  as  a  doctrine  which  is  likely  to  take  rank 
one  of  the  fundamental  verities  of  Geological  Science. 

[w.  B.  a 

*  See  the  artiole  Mkmtia  in  vol,  ill.  of  the  ninth  edition  of  the  '  Eooyclopi 
Brilanaici.' 
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The  Photographic  Spectra  of  the  Star*. 


Is  the  ytsar  18G3  my  friend  Dr.  William  Allen  Miller  exhibited  on 
the  screen  in  this  room  a  photograph  of  the  spectrum  of  the  star 

ISirina,  which  we  had  taken  the  evening  before  in  my  obserratory. 
The  images  of  stars  in  the  telescope  had  already  been  photographed 
■■  points,  but  this  was  the  first  time  that  their  rays  after  dispersion 
hj  •  prism  had  recorded  themselves  upon  a  photographic  plate.  For 
certain  instmmental  reasons,  the  photographs  which  we  then  took 
did  not  pooeess  sufficient  purity  of  the  spectrum  to  give  them  a 
scientific  value. 
Several  researches  in  other  directions  to  which  I  subsequently 
devoted  myself,  prevented  me  for  some  years  from  resuming  this 
jnqnuy,  until  a  few  years  ago,  when  I  took  up  the  subject  again.  I 
anrpoao  this  evening  to  give  an  account  of  this  recent  work,  and  of 
the  Tccnlts  which  have  come  out  of  it. 

Onr  eommon  notion  of  light  is  limited  not  by  the  actual  extent  of 
nmge  of  the  radiations  of  a  luminous  body,  but  by  the  power  of  onr 
•yes  to  see  them.  Of  the  long  range  of  radiations  which  comes  from 
highly  heated  matter,  the  snn  for  example,  only  a  small  portion  falls 
within  the  power  of  the  eye.  Beyond  the  extreme  violet,  where 
vitdbility  ends,  a  great  range  of  shorter  vibrations  beats  upon  the  eye, 
•nd  we  know  it  not.  So  on  the  other  side  below  the  red  all  con- 
■dovsneas  of  light  fails  us ;  but  here  another  sense,  that  of  the  feeling 
«f  best  and  warmth,  enables  us  still  to  know  that  a  radiated  influence 
froiB  the  hot  body  is  coming  upon  ns.  Those  two  invisibles,  the 
■lln-Tiolet  and  the  ultra-red,  though  they  cannot  stimulate  our  eyes 
iisteOj,  o*n  make  themselves  known  to  ns  mediately,  through  certain 
■Blic—  OB  other  bodies. 

OiM  of  those  is  the  disturbing  influence  they  exert  on  delicately 
t..u«ji«.i  d^ts  of  silver,  which  wo  call  their  photographic  power. 
TUs  setioB  WM  Kgarded  as  so  exclusively  the  property  of  the  ultra- 
violst  portion  of  the  qtMtmm,  that  those  rays  have  been  distinguished 
kylbo  aaoiM, "  ohemioal  rays,"  "  photographic  rays."    Quito  recently, 
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however,  Captain  Abnoy,  by  tbo  discovery  of  a  new  molecular  ( 
tion  of  silver  bromide,  bas  brongbt  tbo  wbole  of  tbe  other  end  0 
Bpeotrnm,  tbe  ultra-red,  within  tbe  power  of  tbe  photograpbio ; 
He  bas,  I  believe,  taken  the  photograph  of  a  kettle  of  boiling  I 
in  the  dark  by  moans  of  its  own  radiation.  I 

This  evening  wo  shall  have  to  do  oxolnsively  with  the  i 
violet  portion  of  the  spectrum.  i 

In  the  years  1865  nud  1869  I  bad  tbe  bononr  to  bring  befon 
Institution  the  results  of  tbe  ubeervations  of  Dr.  Miller  and  n 
on  tbe  visible  spectra  of  some  of  the  stars.  Theso  eye  obsorva 
embraced  a  range  of  vibrations  extending  from  a  little  below  C  i 
rod  to  about  G  in  the  bhio.  The  recent  researches,  to  which  I 
at  once  proceed,  begin  whore  the  eye  observotions  ended,  aboi 
and  carry  our  knowledge  of  tbe  stellar  spectra  beyond  0,  and  in, 
cases  beyond  S,  in  the  ultra-violet. 

Wo  shall,  perhaps,  underrate  tbo  importance  of  a  knowledf 
tho  ultra-violot  spectra  of  stars,  if  we  regard  these  photograpl 
simply  adding  so  much  in  length  to  the  visible  sjioctrum,  for  I 
are  reasons  why  a  knowledge  of  this  part  of  tho  spectrum  may  I 
exceptional  value  to  us. 

I  shall  describe  lirst,  in  some  little  detail,  the  instrum* 
methods  by  which  the  very  great  difficulties  which  present  tl 
selves  in  so  delicate  an  inquiry  were  successfully  overcome, 
two  principal  difficulties  with  which  tho  inquirer  is  at  once  bro' 
face  to  face,  are  the  feebleness  of  the  star's  light  after  dispersion 
prism,  and  tho  circumstance  that  tho  stare  ore  in  apparent  mol 
arising  from  the  earth's  rotation. 

It  was  therefore  necessary  to  do  two  things,  first,  to  obta 
sufficiently  pure  and  detailed  spectrum  with  tho  least  possible  lot 
light,  and  secondly,  to  devise  some  method  by  which  the  star's  in 
could  bo  kept  absolutely  invariable  in  position  within  a  very  nai 
slit. 

After  passing  the  limit  of  the  visible  spoctrum,  the  transpare 
of  glass  diminishes  rapidly,  until  at  length  it  Iwoomes  o|>aqae  to 
rays  of  very  high  rofrangibility ;  for  this  reason  it  was  neoeasari 
avoid  altogether  tho  use  of  this  substance.     A  toloscope  of  the  refi 
ing  form,  in  which  the  light  is  received  upon  a  metallic  specol' 
was  employed.   This  instrument  has  a  speculum  of  18  inches  diame 
The  spectrum  apparatus  must  also  contain  no  glass.     There  were  1 
substances  available,  Iceland  spar  and  quartz,  both  of  which  are  v 
transparent  to  this  part  of  the  spectrum.     Quartz  is  harder  and  ta 
a  higher  })oli8h  and  was  used  for  the  lenses,  but  its  dispersive  pof 
is  so  small  that  more  than  one  prism  would  have  been  needed,  int 
ducing  loss  of  light  and  other  drawbacks,  if  this  substance  had  b( 
employed.     Iceland  spar  poBscsees  a  much  higher  dispersive  powt 
it  is,  indeed,  about  equal  to  moderately  donso  flint  glass.     One  prii 
of  tins  substance  of  60°,  which  was  beautifully  cut  for  me  by  3 
Hilger,  was  found  to  bo  sufficient  for  tho  purpose. 
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Tbe  spparatag  is  represented  in  this  diagram  (Fig.  1).  It  is 
motmted  on  a  base  plate  a  with  bevelled  edges,  which  enables  it  to  be 
accurately  adjusted  at  the  end  of  the  telescope.  The  prism  is  at  e. 
The  image  of  the  star  is  brought  upon  the  slit  b.  The  light  is  rendered 
parallel  bj  lens  d;  it  passes  through  the  prism,  and  is  then,  by  a 
second  lens  of  quartz,  made  to  conyerge  and  form  an  image  on  the 
photographic  plate  /,  which  is  inclined  so  as  to  bring  a  considerable 
part  of  the  spectrum  to  focus  upon  the  plate. 


Fio.  1. 


This  apparatus  was  found  to  meet  very  satisfactorily  the  one 
primary  condition  of  diminishing  the  star's  light  to  the  least  possible 
extent  compatible  with  obtaining  a  spectrum  full  of  fine  details  and 
well  defin^.  The  photographs  taken  with  this  instrument  measure 
not  more  than  half  an  inch  from  O  to  O,  and  yet  under  suitable 
■•puffing  power  seven  lines  can  be  counted  between  H  and  E. 

The  aeoond  important  difiSculty  was  to  find  a  ready  means  of 
bringing  the  luminous  point,  into  which  the  star's  light  is  gathered  up 
by  the  mirror,  aooorately  upon  any  port  of  the  very  narrow  oliink,  the 
y^  part  of  an  inch,  through  which  tbe  light  has  to  enter  tlie  spectrum 
apparatoB,  and  further  to  nmintain  the  star's  imago  precisely  within 
the  aame  part  of  this  chink  daring  the  whole  time  of  exposure  of  the 
pbolograpbio  plate,  which  might  bo  aa  long  as  one  hour  or  evou 


Tha  teleaoope  waa,  of  oouree,  monntcd  upon  an  equatorial  stand — 
that  is,  one  in  which  the  axis  of  motion  is  placed  parallel  to  the  earth's 
axis  of  rot«tion, — so  that  the  tcloecopo  when  kept  in  suitable  motion 
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by  clockwork  will  remain  inynriably  pointed  to  any  star,  noWl 
standing  that  tho  rapidly  rotating  eartb  is  carrying  the  tolescopeJ 
the  obserrer  round  with  it.  This  clock  motion  is  one  of  escepttj 
excellence,  due  to  the  inventive  skill  of  Mr.  Onibb,  being  faniit 
with  a  secondary  control  by  means  of  a  pendulum  in  electrical  < 
noction  with  a  standard  clock.  But  even  these  instmmontal  arrai 
monts,  although  of  cxce])tional  excellence,  wore  not  delicAto  end 
It  was  found  necessary  to  supplement  them  with  a  method  of  ^ 
tinnooB  supervision  and  control  by  hand.  i 

In  this  diagram  ( Fig.  2)  you  have  represented  a  portion  of 
reflecting  telescope,  which  is  of  the  Casscgrain  form.  The  bd 
mirror  was  removed,  and  tho  spectrum  apparatus  accurately  adjag 

Fio.  2.  . 


by  its  sliding  bnse  plate,  so  that  the  slit  was  brought  precisely  to  t 
principal  focus  of  the  large  speculum.  Now  over  this  slit  is  plac 
a  highly  polished  silver  plate  c,  with  a  narrow  opening  rather  larg 
than  the  slit. 

Tho  next  point  was  to  fix  on  the  side  of  the  telescope  a  smi 
mirror  d,  by  which  artificial  yellow  light  could  be  thrown  upon  t 
plate.  One  point  furtlier.  Tho  groat  speculum  has  a  central  bol 
now  behind  this,  in  place  of  the  usual  eyepiece,  is  fisetl  a  smt 
Galilean  telescope  or  opera-glass. 

Now  if  the  observer  directs  tho  telescope  to  a  star,  and  then  lool 
into  this  small  telescope,  ho  sees  l>cfore  him  the  silver  plate  and  tl 
slit  within  tho  opening  by  means  of  the  artificial  illmuination,  ai 
also  at  the  some  time  tho  star's  image  as  a  bright  point  somewhere  c 
the  plate.  It  is  then  easily  within  the  observer's  power  to  bring  tl 
star's  image  exactly  upon  any  desired  port  of  the  slit.  In  tho  figui 
at  I,  Fig.  1,  you  have  represented  what  tho  observer  sees.    The  star 
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ioMgB  being  rather  larger  than  the  wiilth  of  the  slit,  its  place,  even 
when  npon  the  slit,  can  be  seen.  If,  therefore,  the  observer  keeps  his 
ejo  fixtxl  upon  the  star's  image  during  the  whole  time  of  exposure,  half 
an  hour,  one  hour,  or  it  may  be  two  hours,  he  can  uistautly  correct  hj 
hand  any  small  irregularities  of  the  motion  of  the  telescope,  uud  so 
maintaiu  the  star's  image  invariably  fixed  upon  the  slit. 

Further,  it  was  necessary  to  obtain  the  photographs  under  such 
conditions  that  it  should  be  possible  afterwards  to  lieturmine  with 
aceoracy  the  value  in  wave  lengths  of  the  positions  in  the  s^wctrum  of 
the  stellar  lines. 

For  this  purpose  the  slit  was  provided  with  two  small  shutters,  as 
repreaeotad  at  h  and  g.  Fig.  1.  One  of  these  only  remains  open 
while  the  photograph  of  the  star  is  taken. 

When  the  exposure  is  finished  this  shutter  is  closcil.  The  other 
eaa  then  be  opened,  and  a  second  spectrum  npon  the  same  plate  for 
the  piupoM  of  comparison  taken.  It  may  be  the  solar  siieotrum 
reflected  from  the  moon,  or  the  spectrum  of  a  known  star,  or  a 
terrestrial  spectrum,  or  the  apparatus  may  remain  until  the  following 
day,  and  then  the  solar  spectnmi  be  taken  upon  the  }>late  directly. 

Afterwards,  from  these  comparison  spectra,  by  the  aid  of  a  suitable 
measoring  apparatus  attached  to  a  microscope,  the  wave  lengths  of  the 
stellar  lines  were  determined.  And  for  this  purpose  use  was  made 
of  Uie  excellent  map  of  M.  Comu  of  the  nltra-violet,  and  of  bis 
determinations,  and  those  of  Moscart,  of  the  wave  lengths  of  the  lines  of 
cadmium,  alnmiuium,  and  zinc.  Various  photographic  methods  were 
tried,  but  tiic  great  aensitivenoes  which  may  bo  given  to  gelatine 
platea,  as  well  as  the  great  advantage  of  employing  plates  in  a  dry 
(tate,  led  to  the  exclusive  use  of  this  method  of  photography, 

I  was  about  to  complain  of  how  few  nights  sufficiently  fine  for 
tliia  work  present  themselves  during  a  whole  year — they  may  be 
ooanted  npon  the  fingers — but  I  forbear  when  I  remember  that,  not- 
withstanding the  terrible  drawbacks  of  our  climate,  no  country  oon- 
Iributea  more  largely  than  our  own  to  tlie  advance  of  astronomy. 

Before  prooeoding  to  the  results  of  my  work,  I  will  endeavonr  to 
make  TisiUo  to  you  some  portion  of  the  ultra-violet  part  of  the 
(peotmin. 

Boaidet  their  photographic  power,  there  is  another  mode  of  action 
^  whioh  the  oltra-Tiolet  rays  may  make  themselves  visible  to  us. 
There  an  aome  substances  which  absorb  these  very  rapid  vibrations, 
and  tben  give  back  the  energy  they  have  received,  in  the  form  <if 
vibrations  which  are  suflicioutly  long  to  come  within  the  i)owor  of  the 
ejr*.  They  transform  the  invisible  energy  into  visible  light.  This 
fvoper^  of  fluortecenoe  is  pOBSOSsed  in  a  high  degree  by  sulphate  of 
quniiie,  and  by  nsoulin,  a  substance  which  exists  in  the  bark  of  the 
hocM-oheatnat.  I  liave  a  small  aoreen  which  has  been  brushed  over 
with  a  aolntiuo  of  this  mbstanoo. 

VraSomot  Dewar  baa  kindly  placed  at  my  disposal  one  of  his 
■Iwhiti  Me  ornoiblos.     I   cannot  forbear  cxHigratulating   Profoaaur 
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Dowar  on  having  innugnratod  bo  frnitfnl  a  motbod  of  Bpcoi 
invofitigntiun.  lustoad  of  tbo  usual  optical  arrangement  of 
have  Bnbstitutod  a  Ions  of  qnartz,  and  a  prism  of  Iceland  spai 
to  that  which  I  have  used  in  my  star  work. 

I  will  now  aak  Mr.  CottroU  to  throw  first  npon  the  qbtii 
the  vieiblo  spectrvm.  Even  now,  when  no  glass  is  nsed,  70a 
brilliant  are  the  blue  and  yiolot  parts  of  the  spectrum.  Th 
the  spectrum  we  shall  have  to  do  with  in  the  stars  lies  for 
part  beyond.  Now,  if  this  prepared  screen  be  held  beyond 
that  the  invisible  energy  is  tmnslated  for  ns  into  characters  •« 
eye  can  read.  In  the  crucible  we  have  the  vapours  of  calo 
aluminium,  and  wo  now  soo,  not  merely  the  nltra-violot  li 
the  bright  lines  of  these  substances  in  this  part  of  the  spectn 

I  now  proceed  to  the  results  which  have  come  out  of  this 

In  18(i5  I  exhibited  on  the  screen  several  coloured  dra 
spectra  taken    from   tho  observations   of  Dr.  Miller  and  n 
illustration  of  tho  different  kinds  of  spectra  which  the  stars 
It  is  desirablo  that  I  pass  three  or  four  of  tbera  in  review 
exhibit  tho  photographic  spectra  corresponding  to  them. 

The  first  diagram  ropresonts  the  spcctmm  of  Sirius.  The  f 
of  this  star  may  be  taken  as  typical  of  the  stars  which  shine  w. 
light.  Most  of  tho  photographs  belong  to  this  class  of  stai 
early  Dr.  Miller  and  myself  called  attention  to  tho  distinctive 
tcristics  of  tho  spectra  of  stars  of  this  class.  The  great  diBtini 
feature  of  their  spectra  consists  of  three  or  four  very  broad  anc 
lines.  By  a  method  of  direct  comparison  we  found  three  of  th 
to  coinoido  with  lines  of  hydrogen.  The  first  corresponds  to 
solar  spectrum,  the  sooond  witli  solar  F,  and  the  third  with 
hydrogen  near  0.  This  lost  line  near  G  appears  as  the  fin 
lino  of  tho  photographic  spectrum.  There  are,  indeed,  numer 
fine  lines  also  present,  but  these  are  so  delicate  as  to  bo  seen 
only,  except  nnder  tho  most  favourable  conditions.  We  satis 
selves  of  the  double  line  of  sodium  at  D,  the  least  re&angibl 
magnesium  group,  and  a  line  at  E — a  line  of  iron — and  som' 
This  class  iucludes  tho  largest  number  of  bright  stars.  The 
of  the  different  stars  of  this  doss  are' chiefly  distinguished  fj 
other  by  tho  greater  or  less  breadth  and  diffuscness  of  th( 
of  hydrogen,  and  also  by  various  degrees  of  strength  and  visi 
the  finer  lines. 
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which  tho  predominant  colonr  is  Icbs  refrangible.     These  stars  are 

of  a  full  red  oolonr. 

Now  we  return  to  the  class  of  white  stars.     [The  original  photo- 
graphs    were    exhibited    on    the 

screen.]     As  this  photograph  is  a 

nagatiTe,  of  coarse  the  black  linos 

■re     represented    by     transparent 

spaces  and  the  continnous  Rpectmm 

by  a  dark  band.  We  shall  be  able, 

therefore,  better  to  study  the  poculi- 

arittea  of  the  spectrum  if  we  snbsti- 

tnte  for  it  a  positive  taken  by  direct 

■aperposition.     Here  (Fig.  8)  the 

dark   and   light  are  not   reversed. 

The    circomstance,    which    is    so 

marked  as  to  compel  us  to  give  it 

first  attention,  is  the  distinctly  sym- 

metrioal  character  of  this  strong 

groap  of  b'ncs.     When  the  negative 

is  examined  under  snitable  condi- 

tioos  of  illumination,  twelve  linos 

flwjr  be  oonntod.     As  the  refrangi- 

bility  increases,  the  lines  diminish 

IB   breadth  and   the  distance   be- 
tween any  two  lines  is  less  as  the 

refrasgibility    of    tho     lines    in- 
creases.   It  18  also  of  importance  to 

notice  that  the  spectrum  does  not 

end  with  them.     Beyond  the  last  ot 

the  groap  of  lines  the  continuous 

meotrnm  rons  on  far  beyond  8  in 

toe  oltBa-violet    The  point  where 

Ibe  goap  ends  is  between  M  and  N. 
The  first  in  order  of  refrangi- 

bility  of  these  lines  is  the  well- 
known  line  of  hydrogen  near  O, 

which  yon  saw  in  the  visible  speo- 

tmm  of  the  star.    The  second  of 

these  lines  is  also  a  lino  of  hydro- 

§m,  ooioeident  with  h  of  the  solar 

•peotrom.    The  next  lino  coincides 

in  poeition  with  the  strong  lino  H 

of  tfaa  nlar  spectrum.     But  where 

is  B)  or  K  ?     It  is  ropreNonted  by 

ttua  yvry  thin  lino,  which  is  barely 

noognnablo.  Yon  remember  how  narrow  a  slit  wsa  used,  and  that  if 
MM  a  nbotograpb  of  the  solar  spectrnm,  some  seven  lines  or 
woaU  M  clearly  visible  in  this  space.     We  shall  now  bo  able  to 

X  2 
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shown  to  exist  in  some  soonstic  srrangcinonts,  and  which  whi 
exists  oxalts  tho  intensity  of  the  harmonics  whose  positions  net 
fulfil  tho  requisite  condition.  I  convertoil  tho  wavo  lengths  into  n 
fre(]nencie8.  ...  I  think  it  mnst  be  accepted  that  the  lines  do  not 
on,  but  near  a  definite  curve.  This  apptiars  to  be  corroborated 
finding  that  H,  and  G,  (hydrogen  lino  near  G)  are  connected  t 
menially,  tbese  rays  being  exactly  tho  35th  and  32ud  harmonies  i 

vibration  whose  fundamental  is  _   _        (r  being  tho  time  in 


i 


light  travels  a  millimetre  in  air)  .  .  .  ." 

Under  these  circumstances  one  is  led  to  regard  the  whole  i 
of  linos  as  dne  to  hydrogen.  In  this  connection  it  may  bo  sta 
that  Messrs.  Dewar  and  Liveing  find  that  the  line  of  oJcimn  i 
more  easily  roTorsod  than  tho  lino  at  tho  position  of  H. 

This  spcctmro  of  Vega  may  bo  taken  conveniently  as  typical  of 
whole  class  of  white  stare,  so  that  in  our  consideration  of  the  ot 
stars  of  this  class  wo  shall  consider  tho  distinctive  features  pocn 
to  each,  as  modifications,  or  departures,  from  this  common  typi 
form.  To  facilitate  these  oomparisons  I  have  distinguished 
typical  lines  by  tho  letters  of  tho  Greek  alphabet,  beginning  with 
lino  more  refraugiblo  than  H, 

In  this  map  (Fig.  i)  I  havo  arranged  tho  spectra  of  five  oi 
stars  of  tho  white  group  in  their  order  of  change,  approximately 
least,  from  tho  spoctmm  of  Vega. 

I  will  point  out  some  of  tho  directions  in  which  these  chanj 
show  themselves,  and  I  will  then  exhibit  upon  the  screen  tho  pho 
graphs  thomselvos  of  these  stars. 

There  are  principally  three  directions  in  which  the  changes  t< 
place : — 

1.  In  tho  breadth  and  greater  or  loss  marginal  diffoseness  of  I 
typical  linos. 

2.  In  the  presence  or  absence  of  K,  and,  if  present,  in  its  brcac 
and  intensity  relatively  to  H. 

S.  In  the  number  and  distinctness  of  other  lines  in  the  spectmi 

Now  in  these  stars  we  see  modifications  in  these  throe  dircctio; 
a  successive  diminution  of  breadth  of  tho  typical  lines,  and  of  I 
nebulosity  at  tho  edges ;  the  lines  become  at  Uie  same  timo  narrow 
and  defined  at  the  edges. 

In  SiriuB  tho  linos  ore  about  the  same  thickness  as  in  a  Lyrs,  a 
tho  lino  corresponding  to  E  of  about  the  samo  fineness. 

In  tho  next  star,  a  Ursao  Majoris,  wo  havo  tho  same  typical  groc 
but  the  lines  are  less  broad  and  rather  more  defined  at  the  edg< 
There  is  no  fine  line  at  the  position  of  E,  but  some  other  lines  m& 
their  appearance. 

The  star  next  in  order  is  a  Virginis.  Here  the  typical  linos  a 
still  narrower  and  more  defined.  E  is  stronger  relatively  to  H,  ai 
numerotis  lines  are  visible  beyond  the  last  of  the  typical  group. 

In  tho  s[Kx:trum  of  a  Cygni  the  typical  lines  aro  still  uarruw' 
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1)1  mora  defined.    The  line  at  K  is  nearly  as  broad  as  H,  and  there 
I  other  lines  present. 

lu  the  last  sx)ectruin  of  the  map,  that  of  Arctnrus,  we  come  to 

>  of  a  star  of  another  order,  which  includes  the  solar  type,  bat  this 

appears  to  bo  further  romoTed  than  the  sun  is,  in  the  order  of 

JO  from  the  typical  form,  as  we  meet  with  it  in  Yoga  and  Sirius. 

the  typical  lines  are  no  lunger  present  as  a  strong  group.     The 

I  »t  K  is  stronger  relatively  to  H  than  it  is  in  the  solar  spoctrnm. 

M  speotmm  ia  crowded  with  fine  lines,  and  in  the  visible  part 

iblee  the  solar  spcctrnm,  but  beyond  H  the  linos  ore  more  intense 

.  differently  grouped. 

Wo  cannot  resist  the  feeling  that  wo  have  hero  to  do  with  a  star 
which  has  departed  farther  from  the  condition  in  which  Vega  now  is 
than  oar  son  has  yet  done. 

The  question  presents  itself — Have  we  before  ns  stars  of  per- 
OMDently  different  orders,  or  have  we  to  do  with  some  of  the  lifo- 
cfaftnges  throngh  which  all  stars  pass  ? 

Doea  the  son's  position  somewhere  before  Arctnrus  in  the  order 
of  change  indicate  also  his  relative  age  ? 

On  these  points  wo  know  nothing  certainly.  If  I  may  give  some 
play  to  the  scientific  use  of  the  imagination,  I  would  ask  yon  to 
imagine  an  inhabitant  from  some  remote  part  of  the  universe  seeing 
for  the  first  time  an  old  man  with  white  hair  and  wrinkled  brow,  to 
ask,  Was  ho  born  thus  9  The  answer  would  be,  No ;  in  this  cliild, 
Uiis  youth,  this  man  of  mature  age,  yon  see  some  of  the  life-changes 
throngh  which  the  old  man  has  passed.  So,  giving  })lay  to  the 
■eaentifio  imagination,  there  may  have  been  a  time  when  a  photograph 
of  the  Bolar  spectrum  would  have  presented  the  typical  linos  only 
which  arc  still  in  Yoga.  At  a  subsequent  period  those  would  have 
been  narrower  and  more  defined,  and  other  linos  would  have  miido 
their  appearanoe.  And  if  wo  allow  this  scientific  imngiiiattun  to 
project  uese  Friday  evenings  into  the  far  future,  the  lecturer,  clad 
it  may  be  in  the  akin  of  a  white  bear,  may  have  to  describe  how  the 
spectrum  of  the  then  feeble  sun  has  already  passed  into  the  class  of 
spectra  which  now  distinguishes  the  stars  which  shine  with  rod  light. 

There  remain  'nly  two  other  points.  In  1865  I  describetl  the 
method  of  observing  the  spectrum  of  a  planet  compared  directly  with 
the  solar  spectmm  under  timilar  conditioni  of  terrestrial  atmo8i>hure. 
The  planet  is  observed  in  the  early  evening,  when  the  light  from  the 
•ky  is  bright  enough  to  give  a  spectrum.  With  a  long  slit  one  sees  » 
broad  spectrum  of  the  sky,  and  then  upon  it  the  brighter  speotmm  of 
the  pLuiot.  Making  use  of  this  method,  spectra  were  taken  of  the 
planets  YenoB,  Mars,  and  Jupiter. 

I  will  now  exhibit  upon  Uio  screen  the  spectrum  of  Ycnus.  This 
broftd  Bpoctmm  is  that  of  the  light  from  the  sky.  The  narrow 
■tmogsr  apectrom  is  that  of  the  planet  Yonus.  You  see  lino  cur- 
wpoods  to  lino,  and  that  there  aro  no  modificatious  or  addition* 
which  indicate  a  pUnutary  atmosphere 


■Wflfk    ^^-  ^-  IIuggin$  on  Pkotograpkie  Spectra  of  l\e  Slar». 

TLc  mmo  is  tnio  of  tho  plauetD  Mara  and  Jupiter.  TLeal 
last-uomcd  planete  du  show  indicationH  of  atmospheric  absorptit 
the  visible  part  of  the  spectrum.  Similar  photographs  takfl 
differeut  sauill  areas  of  the  moon  under  different  oonditioi 
illumination  are  negatiTe  m  to  »ny  lunar  atmosphere.  It  moa 
be  BU]>i)06od  that  such  observations  are  necessarily  antagonistic  ti 
existence  of  a  lunar  atmosphere.  They  simply  tell  us  nothing 
its  existence. 

There  are  many  other  directions  in  which  the  photogtt 
arrangements  I  have  described  may  be  doubtless  successfully 
ployed.  I  hope  to  photograph  any  lines  that  may  exist  in  the  u 
violet  part  of  the  spectra  of  the  gaseous  nebnlce.  The  apparatus 
give  us  tho  s]>cctra  of  diiTeront  portions  of  a  sun-spot.  It  may  ei: 
US  to  determine  the  difference  of  velocity  in  the  line  of  sight  of 
stats ;  and  also  wo  may  record  by  it  the  sun's  rotation  by  the  all 
tion  in  refrangibility  of  the  lines  of  the  spectra  of  opposite  limbs 

One  of  the  great  charms  of  the  study  of  Nature  lies  in 
oirciuustiuice  that  no  new  advance,  however  small,  is  ever  f 
There  are  no  blind  alleys  in  scientific  investigation.  Every 
foot  is  the  opening  of  a  new  path.  As  the  description  of  a  first 
in  a  now  and  brood  highway,  I  venture  to  hope  the  lost  he 
discourse  has  not  been  wholly  wanting  in  interest. 

[W.  H 
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WEEKLY  EVENING  MEETING. 

Friday,  February  13,  1880. 

rABBXM  Db  La  Ruk,  Esq.  D.O.L.  FJl.S.  Secretary  and  Vioe-Prosidont, 
in  the  Chair. 

W.  H.  Pekkje,  Esq.  C.E.  M.R.L 
The  Telegraphic  Achievements  of  WheaUUme. 

JoHmoN  said  of  OliTer  Goldsmith — 

"  Nihil  ent  qnod  non  tetigit ; 
Nihil  qaod  tetigit  non  omitvit." 

Some  kre  iDclinod  to  think  that  the  great  literary  giant  of  one 
hnndrcd  years  ago  thonght  more  of  the  roandncss  of  his  periods  than 
of  the  fiftcts  they  clothed,  bnt  a  greater  man  than  Samuel  Johnson  said 
of  a  greater  man  than  Oliver  Goldsmith — in  fact,  oar  well-bolovod 
Faraday  said  of  Charles  Wheatstone  that  there  was  nothing  he  touched 
that  be  did  not  adorn. 

Wheatstone's  iamiliar  form  was  very  well  known  to  the  old 
habitues  of  this  theatre.  Whenever  either  of  his  favourite  subjoctii, 
Ught,  sound,  or  electricity,  was  under  diaousaion,  his  little,  active, 
and  intelligent  form  was  proaent,  eagerly  listening  to  tlio 
He  was  no  lecturer  himself,  yet  no  one  was  more  voluble 
In  QOOTersation.  At  explaining  any  object  of  his  own  invention, 
..  any  apparatus  before  him,  no  one  was  more  apt,  but  when  he 
MpoMcd  before  an  audience  and  became  the  focus  of  a  thousand  eyes, 
all  his  volubility  fled,  and  left  him  without  a  particle  of  that  peculiar 
yiality  which  enables  an  individual  with  confidence  to  come  before  a 
■ritieal  audience,  such  as  is  represented  by  the  members  of  this 
in,  to  develop  scientific  facts  or  describe  apparatus.  This 
proved  fortunate,  for  it  was  the  cause  of  Wheatstone  obtaining 

■id  of  the  greatest  lecturer  of  the  age,  and  the  annals  of  this 
Institaiaon  bear  record  of  many  a  Friday  evening  being  occupied 

LFwiday  expoonding  the  "beautiful  developments,"  as  ho  cadled 
B.  of  Wheatstcoe. 

Up  to  the  year  1834  Wheatstone  devoted  his  time  almost  entirely 
to  Um  iBTestigation   of  suuvd.      In  that  yesir  he  was  appointed 
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ProfoBSor  of  Natural  Pliiloaopliy  at  King's  Oollogo,  and  tbcn 
menood  that  career  of  electrical  investigation,  that  wave  of  saco 
whoK  crest  ho  moved  until  it  broke  on  the  shore  "  of  that  o( 
from  whoBo  bonm  no  traveller  retums."  The  many  electrical  i 
tions  by  Wheatstone  which  were  brought  forth  after  18S4 
derived  more  or  less  from  hia  telegraphic  achievements.  He  vri 
an  electrical  investigator ;  no  one  could  bo  while  Faraday  el 
He  was  essentially  a  practical  man,  who  applied  the  discoTof 
others  to  the  wants  and  purposes  of  mankind.  Somebody  hai 
that  nothing  is  easier  than  the  discovery  of  yesterday.  NothJ 
more  difficult  than  the  discovery  of  to-morrow  I  The  tclographi 
was  no  new  idea.  The  scroll  of  time  boars  the  names  of  Lomon 
Sago,  Sccmmering,  Ronalds,  Ampere,  Schilling,  and  others,  but  i 
only  in  the  year  1837  that  all  these  fingerposts  led  np  to  thati 
where  two  men  met  who  made  telegraphs  practical. 

In  1837  Cooke,  Morse,  Steinheil,  and  Whoatstonc  all  focnsae 
labours  of  previous   inventors,  and   gave  the   starting   point 
which  telegraphy  became  what  it  is.     Cooke  and  Whoatstone ' 
hand  iu  baud.     Whoatstone  was  the  brilliant,  fertile,  ingoniooM 
of  scionco.     Cooke  was  the  sanguine,  energetic,  practical  man  of  j 
nees.      When   Cooko   come   to   England   from   Heidelberg   ha 
(through  Roget   and    Faraday)  brought   into   contact  with   Vfi 
stone,  and  he  found  that  Whcatstone   hod  cracked  the  Colni 
egg — bo  had  discovered  the  possibility  of  bridging  over  space, 
previous  attempts  to  apply  electricity  to  useful  purposes  had  ft 
from   the  difficulty  of  obtaining  sufficient  force   at   a   distono 
bo  productive  of  effect.     By  applying  the  laws  of  Ohm  to  the  faa 
Ampere  and  Oersted,  Wheatstoue  succeeded  in  finding  the  pf 
basis   for  arranging   wires  and  magnets  in  such  proportions  a 
produce  evident  effects.     Tho  oluctrical  effects  utilized  for  telegi 
purposes  are   very   numerous.      Tho  one  upon    which   Cooko 
Whwitstono  worked  wos  the  simple  fact  that  whenever  a  cuttob 
electricity  passes  in  the  noighbonrhuud  of  a  magnet,  such  as 
mariner's   compose,   that  magnet    was    daflectod ;    and    Whoatsl 
arranged  five  mariners*  compose  needles  in  a  horizontal  row,  c 
needle  deflecting  when  a  current  of  cleotricity  was  sent  along  tho  i 
to  which  it  was  attached,  dcficcting  to  the  right  or  left  according 
tho  direction  of  tho  current.     Such  deflections  or  boats  to  the  ri 
or  left  represented  symbols,  combinatione  of  which  could  be  transln 
into  lottere  and  words. 

Here  is  n  fiTe-uoedlc  hatchment>shaped  instrument,  made  on  ' 
principle  I  have  just  explained.  This  was  tho  original  kind  of  spe 
ing  telegraph  instrument.  It  soon  became  apparent  that  five  need 
wore  not  required  to  form  symbols  to  represent  all  the  letters,  ano 
four-Dccdle  inetrnmout  was  introduced ;  and  practice  and  experien 
the  groat  utility  tests,  proved  that  when  ono  or  other  of  those  fo 
needles  became  faulty  or  unworkable,  communication  could  still 
readily  kept  up  on  the  remalniDg  noodles.    Thiu  it  was  soon  fou 
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ft  doable-Doodle  inetrumont  was  capable  of  meeting  all  reqnire- 
li,  and  here  before  70a  are  instrumeDts  of  the  origmal  design  on 
loable-needlo  principle.  This  one  of  an  elegant  architectural 
p  WM  made  for  use  in  the  New  Honse  of  Parliament  abont  1850. 
re  yon  are  the  first  two  double-needle  instruments  that  were  ever 
[  and  ihej  are  greatly  prized  for  their  historical  value.  This 
\  of  inetniment  met  the  same  fate  as  its  predecessors,  and  was 
isedod  by  a  single-needle  instrument  which  gave  out  its  signals 
^  M  efficiently  as  its  earlier  brethren  possessing  a  greater  number 
ladles.  This  form  has  remained  in  ose  to  the  present  day,  and 
Lbe  aeen  at  any  railway  station  in  the  country.  It  is  used  to  a 
lar  extent  than  any  other  kind  of  telegraph  instrument,  there 
g  tX  the  present  moment  at  least  10,000  employed  by  railway 

riei,  and  3500  by  the  Post  Office.  It  is  an  iustrument  of 
oonotmction,  but  I  will  not  detain  you  by  explaining  details. 
can  easily  soe  that  when  I  press  down  a  pedal  the  needle  is 
leted ;  if  it  be  the  right-hand  pedal  then  the  noodle  goes  to  the 
^  and  if  the  left-hand  pedal  it  goes  to  the  left,  and  one  deflection 
te  led  and  one  to  the  right  represents  the  letter  A,  one  to  the 
t  and  three  to  the  left  B,  four  boats,  viz.  one  right,  one  left,  one 
I  and  one  left  C,  and  so  on  through  the  alphabet. 
RHicatstone  saw  the  necessity  of  doing  away  with  the  trouble  of 
iring  familiarity  with  this  kind  of  iustrument,  and  set  to  work  to 
pdnoe  one  which  could  bo  understood  by  anyone  in  a  moment's 
toiDtanoe.  This,  of  course,  meant  represcuting  the  ordinary 
in  of  the  alphabet  without  requiring  translation  from  signals. 
produced  an  instrument  which  printed  the  ordinary  letters,  but 
jmachanical  complexity  of  its  arrangement  compelled  him  to 
|don  it.  He  then  thought  of  a  permanent  alphabet  on  a  dial 
|li  revolved  in  front  of  an  open  window  or  around  which  the 
pkting  Beedle  oould  revolve  and  point  out  the  exact  letters  sent. 
f  proved  more  practicable,  and  the  result  was  the  alphabetical 
Smeat,  such  as  I  now  show  you.  The  indicating  portion  works 
L  very  similar  manner  to  the  second  hand  of  an  ordinary  clock. 
lclo<^  the  hand  makes  a  slight  pause  at  each  point  representing 
Knid  on  its  dial,  and  proceeds  by  jerks  round  and  round  the  dial, 
■  stopped  at  each  second  by  the  cogs  of  a  wheel.  The  hand  or 
ptor  of  an  alphabetical  instrument  works  round  the  dial  oon- 
^  the  alphabet  just  in  the  same  way,  bnt  is  oontrollod  by  a 
k  of  mecbanism  which  only  answers  to  the  current  being  sent. 
peamnt  moves  the  mechanism  to  which  is  attached  the  indicating 
pa,  sad  each  movement  jerks  forward  the  necdlo  one  step  as  it 
i  To  osose  the  needle  to  make  one  revolution  round  its  dial  wo 
•appose  requires  fifty-two  steps  (really  it  is  many  mure).  Then 
r  is  made  to  wait  or  rest  at  every  second  stop,  and  opposite  that 
I  a  letter  is  placed,  it  is  easy  to  see  that  in  ono  revolution  all  the 

Pmay  bo  suooussivoly  indicated.     The  indicator  is  caused  to 
wait  by  the  duprussiou  of  small  keys  placed  round  the  dial  of 


id  observation,  and  forms  one  of  the  moa 
the  Bciontific  history  of  this  country.  Faradi 
this  mftgnot  and  phkcing  over  it  a  Boft  iron  armature,  a 
wire  is  wound,  was  able  to  produce  electricity  on  movin, 
backwards  and  forwards.  He  thus  caused  currents  to 
wire  mund  tho  armature,  which  produced  sparks  as  yon  a 
TLo  foUuwiiig  lines  were  written  upon  this  experiment : 


"  Around  tho  mnfnict  Faraday 
Wag  rare  that  Volta's  lightnings  play, 
Unt  how  to  draw  them  ^rnn  the  wire? 

He  took  a  leaaon  from  tho  heart. 

'Tis  when  we  meet,  'tU  when  we  port, 
Drcukt)  forth  the  electric  fire." 


Wlicntstnnc  apjrliod  this  fact  first  of  all  to  prodi 
alaroniB.  Hero  is  an  iuetrumcnt  (which  old  electric 
"  thiindcrptinip ")  containing  nn  arrangement  similar  t 
by  Fai-aday,  the  magnet  being  caused  to  move  by  the  ] 
handle.  The  ends  of  a  wire  round  tho  armature  are  , 
alarum,  nnd  on  my  pressing  down  the  "  pump  "  handle  ] 
bell  ring,  which  is  cansotl  by  the  electricity  produced,  ai 
tbo  wire  by  the  moving  magnet.  Tho  boll  might  be  fift] 
but  the  effect  would  be  the  same.  The  same  idea  was  ac 
ABO  inHtiument,  and  a  wheel  (like  a  ship's  steering  whe 
to  send  a  current  every  revolution.  A  case  is  marked 
letters  of  tho  alphabet,  nud  the  wheel  is  made  to  stop 
letter  sent.  This  apparatus  was  used  in  1840.  It  was  t 
for  practical  adoption,  and  so  fell  out  of  use.  From  then  1 
or  nothing  was  done,  but  in  that  year  Wheatstone  intw 
a  novel  feature  in  the  manufacture  of  hin  instruments  i 
making  thorn  of  tho  most  perfect  mechaniem,  and  as  acci 
fittings  OS  chronometers  ;  and  to  enable  this  to  be  done  hi 
BDCoeedod  in  acquiring  the  assistauce  of  perhaps  one  i 
mechanical  seniuscs  and  workmen  that  Encrland  has  hoc 
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springe :  and  when  the  actual  mechanism  of  the  sending  portion  of 
till-  alphabetical  instrument  was  reflected  on  a  screen  the  prin- 
I  i|'lo  of  the  instrument  was  clear.)  I  have  shown  jnxi  the  primi- 
liru  iustrnmcnt  of  1840,  and  its  imprt)vcd  though  cumbrous  form  of 
1858  ;  and  here  is  its  elegant  representative  of  1880,  which  is  joined 
ap  t4>  a  wire  between  this  room  and  the  Central  Telegraph  Station, 
and  by  which  we  will  have  a  little  couycrsatiou.  There  is  scarcely 
a  portion  of  this  inMniment  that  is  not  an  improvement  on  the  earlier 
forma,  and  some  of  the  im])ruvoment8  have  jjossed  through  many 
■teges  before  reaching  their  present  perfection.  The  original  prin- 
ciple adopted  by  Wheatstouo  remains,  but  the  teachings  of  practice 
Mid  obaerration  showed  practical  defects  which  have  been  removed, 
uid  ao  brought  the  instrument  to  what  yon  now  see.  (Several  items 
of  general  news  were  received  on  the  alphabetical  instrniaent  from 
the  Central  Station.)  While  this  iustnmient  is  slow,  it  is  sure,  and, 
ootnpAring  its  pioneer  of  1840  to  a  cart-horse,  may  be  said  to  be  a  fine 
raicer.  It  is  very  nsoful  for  private  purposes  or  at  outljring  offices 
where  little  business  is  done  ;  and  many  thousands  of  them  are  so 
employed. 

Having  enoooedod  so  far  in  obtaining  simplicity,  Wheatstono 
tamed  his  attention  to  the  practicability  of  sending  telegraphic 
f^g^^f^«  by  machinery  without  the  aid  of  the  hand  in  manipulation, 
•ad  tLiu  incrca£ing  tlie  capacity  of  wiree  for  carrying  messages. 
Bam  IB  England,  Siemens  in  G<iniiany,  and  others  bad  been  working 
I  similar  field,  and  in  1858  the  genius  of  Whcutstonu,  combined 
I  the  mechanical  ingenuity  of  Mr.  Stroh,  dcvulo])od  an  entirely  new 
I  of  automatic  telegraphy  on  the  principle  of  the  Jacquard  loom, 
ribbon  was  passed  through  a  piece  of  mechanism  consisting 
three  keys  with  cutting  punches,  which,  when  pressed  on  the 
iper,  porfocated  it  according  to  the  key  depressed.  The  centre 
cut  a  continuous  row  of  holes,  which  were  used  to  push  forward 
paper.  The  left-hand  key  cut  two  holes  directly  opposite  each 
r,  and  represented  the  left-hand  beat  of  a  needle,  or  the  dot  of  tho 
alphabet.  Tho  right-hand  key  cut  two  holes,  one  above  and 
below  the  middle  row,  but  in  a  shintiug  direction  from  left  to 
,  and  represented  the  right-hand  beat  of  a  noodle,  or  tho  dash  of 
lone  alphabet.  The  paper  so  perforated  was  then  passed 
the  antumntic  transmitter,  tho  action  of  which  I  can,  porhajM, 
I  dear  by  the  use  of  a  model. 
Wbofttatone's  automatic  instrument  transmits  a  sncocssion  of 
of  electricity  in  opposite  directions,  and  if  no  paper  were 
'  to  prevent  these  currents  going  cxct^pt  at  the  proper  time, 
ion  of  currents  would  bo  continually  transmitted.  (A 
■edol  at  the  transmitter  was  explained  in  detail.)  So  that  when  no 
kolM  preaent  themselves  to  the  rocking  prongs  fur  the  currents  to 
MM  iBitMigh,  nothing  goes  to  lino ;  but  if  two  holes,  representing  a 
■at,  imsait  thamaolves,  then  a  current  passos,  and  a  dot  is  produced 
at  tM  reooiver ;  and  so,  if  tho  boles  roprosouting  a  dash  admit  tho 


■—  uii  Hiiiiiii  i»e  lawrnmeni  ma  pean  piaoeai — at 
■MIDent  I  may  toll  yon  that  this  \riro  is  transmitting  i 
difttant  offices,  and  oar  ioBtrmnent  is  placed  on  it  so  tl 
it  going  wo  can  see  for  ourselves  what  is  passing,  (i 
nowa  wore  read  off  by  the  assiRtant.) 

When  Wheatstono  invented  this  apparatus  it  was  o 
at  an  average  rate  of  seventy  or  eighty  words  a  minnte, 
training,  observation,  thonglit,  and  care  have  resulted 
ujion  this  so  much  that,  on  making  inquiry  ycsterda; 
found  that  one  of  our  Wheatstono  instruments  was  acti 
at  the  rate  of  180  or  190  words  a  minute.  When  the  Qi 
was  transmitted  to  the  country  last  week  it  was  ficnt  to  i 
in  fivo  minutes,  and  as  it  contained  800  words,  the  avei 
160.  To  long  distance  places  it  is  not  possible,  from  ■n 
to  maintain  this  high  mte  witliout  the  insertion  of  a 
repeater,  which  receives  what  I  may  call  the  almost  cxhai 
and  sends  them  on  reinvigorated  to  their  destination,  t 
tlio  rate  of  working  between  London  and  Cork  was  b 
minute,  but,  by  inserting  a  repeater  at  Haverfordwest,  tl 
doubled.  The  repeater  is  a  complicated  instrument,  ai 
attempt  to  describe  it.  Its  function,  reduced  to  simple  w 
it  rcc«iveB  tho  currents  from  London,  and  transmits  i 
Cork.  Repeaters  are  beting  generally  introduced  on  our '. 
To  apparatus  not  on  Whcsatstono's  principle  repeaters 
appliul,  and  this  has  been  dune  even  in  such  complicate 
OS  the  da])lcz  apparatus. 

Wliealstone's  great  achiovemcDts  were  tho  needle,  a1; 
automatic  instniraonts.  Tho  first  telegraph  was  ere 
Camden  incline,  and  is  now  edited  the  fossil  telegraph,  tl 
dates  as  far  back  as  18U7.  It  consisted  of  fivo  wires  inse 
and  fivo  needle  instruments  were  fitted  at  each  end. 
operations  going  on  whore  this  old  lino  was  laid,  portio: 
dag  up,  and  I  have  a  piece  now  before  you. 
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Hero  is  another  placard  wbich  was  distributed  all  over  London  at 
tiie  Mune  timo  m  tbo  previous  one,  and  which  speaks  of  tho  telegraph 
in  the  aame  eulogistic  terms  : — "  Tho  galvanic  and  electric  telegraph, 
Ore*t  Western  Bailway,  may  be  seen  in  constant  operation  daily  [one 
would  think  wo  were  going  to  tbo  Polytechnic]  (Sundays  excepted)  ; " 
•ad  goes  on  to  say  that "  by  this  powerful  agency  murderers  have 
been  ftpprehended,  thieves  detected,  and  lastly  (wbich  is  of  no  little 
tmportitfioe),  the  timely  assistance  of  medical  men  has  been  procured 
in  CMoa  wmch  would  otherwise  have  proved  fatal."  There  ore  some 
of  tibe  brilliant  ideas  thought  of  Wheatstonc's  telegraph  in  1843. 
Eteryone  knows  of  the  enormous  development  of  the  telegraphs.  In 
1870  the  commercial  part  of  the  business  was  transferred  to  the 
Oovemment,  and  at  that  timo  tho  business  done  in  four  weeks 
repreH&tod  554,000  messages.  In  the  four  weeks  just  expired  it  was 
1,900,000.  In  the  metropolis  alone,  while  the  number  of  messages  of 
kll  aorta  dealt  with  in  four  weeks  in  1870  amounted  to  130,000,  in  the 
four  weeks  just  passed  there  were  726,000.  It  is  very  curious  to  note, 
in  quoting  these  fignros,  that  tho  high  figure  of  the  past  few  weeks  is 
to  a  large  extent  owing  to  the  tremendous  fogs  we  have  had,  which 
were  the  canse  of  a  marvellous  increase  in  telegraph  business. 
Pecnniarily,  therefore,  from  this  point  of  view,  fogs  are  not  objection- 
able. The  traffic  for  two  days  at  the  Central  Station  in  February, 
1870,  was  14,000;  during  the  past  week  tho  avorago  has  been 
40,000. 

Bat  it  is  in  the  transmission  of  news  whore  Wheatstone's  telegraphic 
Mhierements  have  proved  of  such  marvellous  benefit.  In  1871  there 
weni  distributed  to  thedifiereut  papers  copies  of  messages,  some  2000 
wonia  long,  others  as  short  as  10  words,  a  total  of  32,000.  In  1879 
they  amoimted  to  nearly  50,000.  The  number  of  words  dolivorod  in 
one  week  in  I87I  was  3,698,000 ;  in  1879  they  amounted  to  nearly 
6,000,000,  which  means  300  millions  for  the  year,  or  16,000,000 
eolomns  of '  The  Times.'  There  is  not  a  town  in  the  United  King- 
dom poflBossing  a  daily  newspaper  that  is  not  in  direct  communication 
with  London  for  news  purposes,  and  by  this  moans  every  man  receives 
at  his  breakfast  tabic  the  latest  item  of  news.  Parliamentary  or 
geoaral,  jost  as  readily  as  we  do  in  London.  And  all  this  is  dono  by 
tha  Telegraph  Department  with  the  Wheatstone  apparatus.  In  1870 
tlMre  wera  only  six  wires  used  for  special  press  purposes,  now  thero 
■n  twenty-fbnr.  Besides  the  million  words  sent  a  day,  thero  are 
B«wapMMn  in  Glasgow,  Dublin,  and  Edinburgh  that  rent  wires  for 
tfaaBMlTea,  fitted  up  with  different  kinds  of  apparatus,  by  which  thoy 
tnuiamit  all  the  debates  of  the  Houses,  dec. 

In  1870  Uie  number  of  Wheatstone  alphabetical  instruments  waa 
1200,  DOW  5000  are  in  use.  There  are  now  151  circuits  worked  by 
the  Wheetetooe  antomatio  apparatus,  in  1870  there  were  only  eight 
Thia  system  has  proved  its  superiority  for  tho  rapid  despatch  of  news, 
anal,  ia  tioie,  will  no  doubt  bo  adopted  by  all  countries  employing  tho 
lilagraph'     I  haTe  not  tho  slightest  hesitation  in  saying  that  our 


'unBRBieuui  tne'Buujeui.' : n 

Ono  of  tho  cbief  cLaractoristics  of  Whcatetono  was  Ii 
doTotion  to  Bcience.  I  doubt  whetlicr  anyone  ovor  gave  1 
80  coniplot4.ily  to  science,  in  every  shapu  or  form.  lie 
pbiloBopher,  nor  was  bo  a  deep  inveatigattjr ;  but  bo  waa 
an  exporiiucutcr,  and  designer  of  delicatu  ai>paratus. 
tnerits  of  his  appiiratus  were  tboir  wonderful  originality,  tb 
beauty,  tboir  uiiirvollons  fecundity,  and  tlieir  eminent  m 
for  tbo  purposes  for  whicb  they  wui-e  designed.  I  told  yon 
lecturer,  nor  was  he  a  proline  writer  ;  but  he  was  an  unrii 
versationist,  and  those  who  had  tbo  ])lea6ure  of  his  oonTem 
never  forget  tho  lucidity  with  whicb  bo  explained  his  appu 
bibliographical  knowledge  was  almost  incredible.  He  < 
know  every  book  that  was  written  and  every  fact  recorded 
one  in  doubt  had  only  to  go  to  Wheatstoue  to  get  what  '. 
His  power  of  deciphering  puzzles  was  marvellous — it  wi 
A  secret  daipatch  of  Charles  I.,  that  puzzled  everybody 
days  of  that  monarch,  was  placed  into  Wlieatstone's  hand 
abuost  instantly  explained.  His  mind,  as  I  told  you,  waa 
practical.  Hia  powers  over  tho  forcea  of  Nature  are  sho 
telegraphic  ochioTcnioiits  in  the  beauty  of  the  apparatus  b 
Tho  elegance  of  the  design  of  everything  Whoatstone  aoc 
must  always  maintain  biin  in  the  very  lirst  rank  of  the 
geniuses  of  this  wonderful  century. 

[W, 
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WEEKLY  EVENING  MEETING, 

Friday,  February  20,  1880. 

WuxiAM  Spottibwoodk,  Esq.  M.A.  D.C.L.  Pres.  US.  Vice-PrcBidout, 

in  the  Chair. 

The  Rkt,  H.  R.  Haweis,  M.A. 

Old  Violiiu. 

r  Amono  other  violins  exhibited,  were  two  by  Stradiuarina — one  bclong- 
.  jng  to  the  Emperor  of  Xlnssia,  the  other  lent  by  his  Royal  Highness 
Duke  of  Edinburgh — a  Gaspar  di  Sale  baiss,  found  in  the  late 
1*8  bedroom  with  his  corpse.      The  South  Kensington  Museum, 
,  MeasTB.  Hart,  Adam,  Amherst,  Hill,  Enthoven,  Cox,  &c.,  also  lent 
kble  inBtmments.] 


The  loctoror  began  by  saying  that  the  collection  of  violins  and 
now  before  the  audienoo,  weighing  but  a  few  ounces  each, 
ited  several  thousands  of  pounds  worth.  The  variety  in  shape 
_  le  of  the  viol  tribe,  ancient  and  modem,  showed  the  inex- 
inetible  fascination  it  po8so8sod  over  the  mind. 
"  I  deal  to-night,"  he  said,  "  with  the  construction,  the  history, 
Mid  the  •onnd  of  the  violin.  To  begin  with  the  wood.  At  Brescia 
nkkns  use  pear,  lemon,  and  ash  ;  at  Cremona,  mapio,  sycamore,  and, 
vt  eootae,  pine.  The  wood  come  into  the  markets  of  Mantua,  Brescia, 
(VetnonA,  Venice,  Milan,  from  the  Swiss  Southern  Tyrol,  nulimitod  in 
pply,  often  mi';hty  timbers  of  great  ago — plentiful  then,  scarcer 
The  makers  had  their  pick ;  they  tested  it  for  intensity  and 
jtmlity.  Cut  strips  of  wood  and  strike  them,  yon  will  see  how  they 
will  vary  in  musical  sound.  When  a  good  acoustic  beam  was  found 
tha  maker  kopt  it  for  his  best  work.  In  Joseph  Gnamerius  and 
Strmdiuarios  the  same  pine  tree  crops  up  at  intervals  of  years.  A 
good  maker  will  patch  and  join  and  inlay  to  retain  every  particle  of 
triad  timber.  Old  wood  is  oddly  vooaI.  As  I  sat  in  my  room  sor- 
moaded  by  thoao  instmments  I  oonld  not  cough  or  movo  without 
AmUj  VoioM  answering  me  from  the  sixteenth,  seventeenth,  and 
Sj^Jarmih  oaotorics ;  and  oven  the  old-scasouod  backs  and  bellies  of 
violins  are  full  of  echoes." 
Jou  DC.    (No.  72.)  1 
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Taking  a  violin  and  tearing  it  opon,  the  lecturer  continD 
"  Tho  vicilin  is  mado  of  fifty-eight  or  seventy  pieces.     It  is  a  n 
of  construction.     It  is  as  light  as  a  feather  and  as  strong  as  ai 
Wood  about  as  thick  as  a  half-crown,  by  exquisite  adjustment, ) 
for  centuries  a  pressure  of  several  hundred- weight.     The  belly  i 
deal,  the  back  of  hard  sycamore,  are  united  by  six  ribs  of  syai 
supported  by  twelve  blocks  with  linings.     The  sound-bar  rd 
obliquely  under  tho  loft  foot  of  tho  bridge  is  the  nervous  sysi 
the  violin,  the  sound-post  supporting  the  bridge  is  the  soul,  tla 
it  pass  all  tho  heart-throbs  or  vibrations  generated  between 
and   tho  holly ;  on   its   position   depends   mcllownesa,  tight 
intensity  of  sound.     Tho  prodigious  strain  of  tho  strings  is 
first  by  tho  arch  of  the  belly,  tlion  by  tho  ribs,  strengthened 
upright  blocks,  the  pressure  among  which  is  evenly  distributed  ', 
linings  which  luiito  thcui,  and  histly  by  the  supporting  sound-ba 
sound-post  and  back." 

After  describing  the  other  parts  of  tho  instrument,  Mr.  H 
alluded  to  tho  Cremona  varnish,  which  he  described  after 
Charles  Roado  as  probably  a  heterogeneous  varnish,  first  o 
with  gum  in  solution,  then  of  colour  eva]H)ratcd  in  spirit, 
roil  and  a  yellow  giun  appear  to  have  been  used  and  comb 
Although  it  was  said  that  the  secret  was  now  lost,  Dod,  as  la 
1830,  who  employed  tho  Fendta  and  Lott  and  always  vam: 
with  his  own  hand,  hod  the  roooipt  for  something  very  like  tho  Crei 
varnish ;  and,  lately,  Mr.  Perkins  has  nut  only  analyzed  the  vai 
of  Joseph  Guarnerius  and  found  amber  in  it,  but  has  himself  prod 
varnish  oi  an  oxtrourdinary  quality. 

"The  supremo  interest  of  tho  violin  ia  not  far  to  seek.     It  liei 
only  in  its  simplicity,  boanty,  strength,  subtlety,  and  indcstructib 
which  fit  it  for  tho  cabinet  of  tho  collector,  but  it  is  tho  kin 
instruments  in  tho  bauds  of  the  player.     It  combines  accent 
modification  of  sustained  tone.    Tho  organ  has  sustained  tone  wit 
acoont,  tho  piano  accent  without  snetaiued  tone,  the  violin  accent 
sustained  tone  modified  at  will.     Within  its  limits  it  is  scientific 
perfect ;    it   boa   all   tho   sensibility  and    moro  than  the   com] 
elocution,  and  variety  of  tho  human  voice.     The  violin  is  not 
invention,  it  is  a  growth ;  it  has  come  together,  it  is  tho  surviva 
tho  fittest.     On  the  screens  you  see  its  rough  elements,  which  ha 
be  collected  from  the  rebek,  the  crowth,  and  tho  rotta  or  guitar  ti 
About  the  eleventh  century  an  instrument  of  tho  viol  tribe  omei 
with  frets,  but  150  years  were  required  to  get  rid  of  these  marp 
before  even  a  step  towards  the  true  viol  could  be  made.     Before 
end  of  the  fourteenth  century  viols  were  made  in  great  profusioi 
every  size  and  shape — the  knee  viol,  the  bass  viol,  viol  de  Gamba 
which  certain  South  Kensington  specimous  are  before  you.     But 
rise  of  the  true  violin  tribo  begins  with  tho  rise  of  modern  ran 
About  the  time  when  Cariasimi  and  Monteverdo — 1585-1G72 — i 
covered  the  true  octavo  and  the  perfect  cadence,  part  singing  recei< 
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a  DOW  impniao ;  the  hnman  voice  was  discoTorcd  to  Ml  natorally  into 
soprano,  contralto,  tenor,  and  boss,  and  viol  instranicnts  being  adapted 
to  these  four  divisions,  the  violin,  touor,  bass,  and  later  contrabosso, 
before  mo,  gradually  separated  themselves  from  the  confused  itebiJa 
of  viols  behind  mo,  and  shone  out  clearly  as  the  trno  planetary  system 
of  the  musical  firmarocnt." 

After  illustrating  the  qualities  of  the  violin,  tenor,  donble-bass,  and 
▼ioloncello,  Mr.  Haweis  alluded  in  detail  to  the  schools  of  Brescia  and 
Cremona.  "  Although  here  is  an  antique  Duifluprugcar  (1520),  the 
ereat  Italian  creators  of  the  violin  date,  not  from  Mantua  or  Bologna, 
ont  from  Brescia.  Caspar  di  Sale,  1560-1610,  brought  down  tho 
tnbby  German  viol  and  struck  a  more  elegant  outline  and  proportion. 
He  was  almost  the  inventor  of  violin  soimd :  beneath  his  flattened 
bellies  and  rounded  backs  the  mufUed  sob  began  to  vanish  aad  tho 
tone  is  loud  and  fnlL  Maggini,  1690-1640,  carried  on  tho  flat  form, 
lowering  his  ribs ;  his  tone  is  somewhat  crisi>or  and  sweeter  than 
Gaspar.  The  Maggini  model  passed  into  the  hands  of  Andreas 
Amati,  1520-80,  who  had  had  ample  opportunity  as  a  contemporary 
Bttker  of  old  viols  to  study  the  Broscian  mmlels,  and  while  adopting 
tbeir  gaping  sound-holes  and  drooping  comers,  reverted  to  tho  raised 
ny><^ol,  and  thus  retanlcd  the  triumph  of  tho  Cremona  sound.  It  may 
be  that  the  new  loud  fiddles  seemed  harsh  to  the  monks,  and  wanting 
in  mellowness  after  the  soft  old  viols  ;  but  the  charra  of  power  once 
intoitively  grasped  by  tho  Broscians,  along  with  tho  flatter  model, 
only  wanted  the  intelligence  of  Jerome  Amati,  who  again  brought 
down  his  violin  beUies,  leaving  his  brother  Anthony  in  tho  old  ways. 
Still  the  violins  by  the  brethren,  Jerome  dominating,  are  highly 
prized.  Unfortunately  they  brought  in  the  scoop  on  either  sido  of 
the  bridge,  weakening  the  belly,  and  weakening  if  (as  it  is  said) 
nraetaaing  the  tone.  The  later  Amati,  however,  narrowed  tho 
nUMiiiii  sound-holes,  thus  retaining  and  prolonging  their  vibrations. 
Nicholas  Amati,  1596-1684,  who  never  quite  shook  off  the  scoop, 
by  inventing  the  'grand'  pattern,  a  long-shaped  instrument  with 
pointed  comers,  paved  tho  way  for  his  great  pnpil,  Antonius 
Btndinarins." 

After  a  brief  account  of  Strodioarius,  Mr.  Haweis  alluded  to  his 
foor  periods,  which,  ho  said,  ran  into  each  other.  "  For  thirty  years 
this  extraordinary  man  was  content  to  work  under  the  acknowlodged 
inflocnoe  of  N.  AmatL  In  1668  he  sets  np  for  himself,  but  copies 
Nicholas  till  1686 ;  from  1686-94  his  form  fluctuates,  but  inclines  to 
the  earlier  Breecian  model  (not  in  the  comers),  grows  flatter,  comers 
bold  and  full  of  character.  In  1687  he  makes  the  long  or  rather 
narrow  model,  which  he  did  not  adhere  to.  In  1700-3  he  enters  on 
bis  golden  period  after  countless  experiments.  The  last  trace  of  the 
Amati  scoop  has  disappeared.  Some  of  his  finest  violins  of  the 
'gnnd'  pattern  were  made  1720-25.  They  liavo  all  the  grace  and 
*»Hffff  of  a  Greek  friozo  drawn  by  a  master's  hand.  The  arch  of 
the  boDj,  not  too  flat  nor  t>w  much  raised,  is  tho  true  natural  curvo 
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of  beantj ;  on  each  side  tho  nndalating  lines,  us  from  the  boBotn  of 
wave,  flow  down  and  Beom  to  eddy  n}>  into  the  four  comers,  whe 
they  are  caught  and  refined  awny  into  these  inimitable  angles.  T1 
scroll  is  strong  and  elegant,  tho  sound-holos  exquisitely  cut.  T1 
varnish  is  nut  hard  and  silicate,  but  mellow  as  amber  or  sunlit  watc 
There  is  a  violin  of  173G,  bearing  date  and  name ;  it  was  made  in  tl 
master's  ninety  second  year.  Ho  mode  down  to  the  lost,  but  latter 
seldom  signed  his  work.  Alas  !  tliot  has  been  since  done  for  him  1 
thousands  who  would  be  at  pains  to  make  even  a  respectable  tub." 

Mentioning  Carlo  Bcrgonzi  as  tho  chief  pupil  of  Stradiuarit 
Mr.  Haweis  alluded  briefly  to  tho  other  Italian  schools  of  Yenic 
Naples,  &c.,  and  then  passed  to  the  French  school,  dwelling  on  Piqi 
and  Lupot,  1768-1824 ;  the  German  school,  showing  a  specimen 
Jacob  Steiner,  1684,  but  slightly  touched  with  tho  Cremoneee  i 
flnence ;  the  "  English  Amati "  Banks,  Foster,  and  Duke,  and  callii 
attention  to  tho  fact  that  while  France  clave  to  Cremona  from  tl 
first,  England  adopted  tho  i>opular  German  Steiner,  for  nearly  1( 
years  before  returning  to  the  Italian  model. 

In  tho  course  of  tho  lecture  His  Royal  Highness  the  Duke 
Edinburgh's  fine  Stradiunrius,  1728,  ma<lo  by  tho  master  for  Con) 
Platen,  given  by  him  to  the  present  Duke  of  Cnuibridgo's  father,  an 
by  tho  present  Duke  to  His  Royal  Highness  of  Ediubnrgli,  wi 
exhibited — ond  anothor  which,  His  Royal  Highness  had  inform« 
Mr.  Eawois,  had  belonged  to  tho  Emperor  Aloxaudor  11.,  and  was,  i 
fact,  the  property  of  the  Hnssian  Royal  Family. 

After  noticing  tho  reasons  of  tho  Crcmonese  supremacy  as  ooi 
sisting  in  the  selection  and  arrangement  of  wood,  obedience  to  certai 
curves  and  thicknesses,  which  would  vary  ondlcfisly  according  to  tl 
acoustical  properties  of  each  piece,  tho  wood  being  cut  thicker  whe 
soft  and  thiuuor  when  hard,  tho  varnish,  the  sunny  climate,  tl 
workmanship,  and  tho  lapse  of  years,  Mr.  Hawets  closed  the  leotm 
by  some  practical  illustrations  on  tho  sound  of  the  violin,  playing 
few  passages  on  several  violins  to  illustrate  their  different  qualities. 


1880.] 


Se^dd  to  Ike  '  Thunderer '  Oun  Expiation. 


309 


WEEKLY  EVENING  MEETING, 

Friday,  February  27th,  1880. 

Sir  W.  FftXOKBicK  Pollock,  Bart  M.A.  Vice-Presidont,  in  the  Chair. 

F.  J.  Bbakwkll,  F.R.8.  M.  Inst.  C.B.  M.R.I. 
Put  Pmi<kDt  of  the  lustitutiun  of  Mechanical  Eugineers. 

Sequid  to  Oie  '  Thunderer '  Gun  Expiation. 

It  vU]  probably  bo  in  tho  rocolloction  of  moBt  of  my  boarors  of  to- 
night that  in  January,  1879,  actually  on  the  2nd  of  that  month,  one 
of  the  38-ton  guns  in  tbo  fore  turret  of  tho  '  Tbundorcr '  burst  oxplo- 
■ively,  rosnlting  unhappily  in  tho  death  of  many  of  those  engaged  in 
LQis  working  of  the  guns ;  and  that,  upon  intclligcnco  of  this  disaster 
reooivod  in  England,  a  Oommittoo  was  appointed   to  inqoiro 

flhe  cause  of  the  csploBion. 

Committee,  of  which  I  was  Assessor,  met  at  Malta  (where 
tke  'Thunderer'  was  then  lying),  and  reported.  After  tho  rojwrt 
«M  published,  I,  \rith  tho  full  assent  uf  tho  Admiralty,  delivered  in 
tbiB  Listitntion,  on  the  13th  of  June  last,  a  lecture,  the  title  of  which 
«itf  "Tlie  'Thiindurer'  Gun  Explosion,"  while  thot  of  the  present 
lecture  is  the  "Sequel  to  tho  'Thunderer'  Gun  Explosion." 

I  will  call  your  attention  to  tho  diagram  model  (1)  I  exhibited 
tt  the  last  loctoro,  showing  the  gun  in  its  turret,  and  will  just  re- 
ttate  tliat  the  boro  was  12  inches,  the  length  of  tho  tube  16^  feet, 
w  198  inches ;  that  the  guu  was  made  of  an  iuterual  steel  tnbo,  sur- 
mmded  by  four  wrought-iron  coils ;  that  the  powder  used  in  it  was 
known  as  P  or  Pebble  jK^wdcr,  of  which  samples  are  ou  tho  table ;  of 
iiaa  powder  two  diffonug  quantities  are  employed  in  the  cartridges, 
Uw  oae,  the  "  full  charge,"  weighs  85  lbs.,  with  this  ie  used  a  common 
riicll,  which  when  cni]>ty  weighs  with  its  gas-chock  590  lbs. ;  the 
etlicx  qnautity,  110  lbs.,  is  tho  "bnttcring  charge,"  and  this  is  used 
iritlt  a  ralliser  chilled  shell,  which  when  empty  weighs  with  its  gas- 
eheekTOOlbs. 

DiagrunB  (2)  and  (3)  show  tho  cartridges,  with  tboir  projectiles 
iBrlo^diocln. 

The  two  guns  in  tho  after  turret  of  tho  '  Thundoror '  were  also  of 
IS  inebw  borv,  but  wore  only  35  tons  in  weight,  tlio  difference  of 
3  tone  being  duo  to  tho  fact  that  tlio  after  turret  guns  were  S  feet 
ihiKier  than  the  guns  of  the  foro  turret.     This  extra  length  of  the 


foro  tarrot  gnus  romlerod  it  practically  impassiblo  to  la 
band  from  within  the  turret,  and  thereupon  it  bocame  neo 
resort  to  some  other  moans.  The  plan  adopted  was  that  of  d 
tho  muzzle  of  the  gnn  (when  run  in)  to  an  angle  of  about ' 
this  enabled  tho  muzzle  to  be  presented  to  a  tubular  op 
loading  tube,  which  when  the  gun  was  in  this  position  form 
tin  nation  of  the  bore.  This  opening  was  madio  through  th 
tho  turret,  below  the  level  of  the  firing  port,  and  so  low  dowi 
botwoon  the  main  dock  and  the  battery  dock. 

When  tho  gun  was  thus  depressed,  tho  cartridge  was  Uftc 
inserted  into  tho  loading  tube,  tho  projectile  was  placed  on  a 
which  was  raised  by  hydraulic  pressure  to  tlio  line  of  th« 
tube,  and  then  a  telescopic  hydraulic  rammer,  which  had  1 
TiocBly  used  as  a  sponger-out,  was  caused  to  move  outwards  a{ 
projectilo  to  drive  it  off  the  carria|:;c,  and  to  send  it  and  tho 
up  tho  bore  of  the  gun.  The  projectile  was  prevented  from 
down  tho  gun,  in  case  of  tho  ship  rolling,  by  means  of  i 
mfich6  disc  wad  placed  upon  the  rammer  head,  and  sent  up  the 
it.  Hydraulio  apparatus  was  also  used  for  running  the  gun 
for  running  it  in,  when,  as  nt  drill,  there  was  no  recoil,  and,  t 
mont  the  runiting  in,  duo  to  tho  reootl,  when  the  gun  was  fire 
same  hydraulic  arrangement  served  also  to  absorb  any  excess 

Prior  to  the  meeting  of  the  Committee  at  Malta,  and 
subsequent  to  the  Report  of  the  Committee,  but  up  to  withir 
few  weeks,  many  persons  believed  that  tho  explosion  of  the 
duo  to  an  air  space  being  left  between  the  cartridge  and  the  i 
ono  botwoon  the  shot  atid  tho  wad ;  and  it  was  suggested,  i 
regards  the  air  spoco  between  tho  cartridge  and  the  shut,  that 
have  boon  caused  by  tho  wad  failing  to  act  efficiently,  and  by 
slipping  down  tho  inolinod  bore  of  tho  gun  towards  tho 
Such  a  supposition  those  who  hod  tho  advantage,  as  I  had,  oi 
gating  into  the  matter,  know  to  be  without  foundation,  our  exj 
having  conclusively  proved  that  tho  inclination  at  which  tho 
was  just  that  of  tho  angle  of  repose  of  tho  shot,  and  that  praoti 
shot  hod  no  tendency,  or  but  the  slightest  teudoncy,  to  mc 
wards.  This  was  shown  by  the  fact  that  the  upward  pre 
tho  testing  apparatus  we  employed,  oven  when  unweighted  a 
exerting  a  pressure  not  exceeding  8  lbs.,  was  more  than  suE 
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This  atmo  evidenco  was  equally  fatal  to  another  class  of  sngges- 
tions  as  to  the  canse  of  the  explosion,  niunoly  that  the  wad  had  become 
caated  in  &ont  of  the  projectile,  which,  oa  the  giui  beiog  fired,  had 
puBed  over  the  wad  and  converted  it  into  a  wedge  of  such  character 
•■  to  burst  the  gun. 

BeTerting  to  the  air  spaoe  suggestion,  the  Conuaittee  in  their 
Beport  showed  that  even  if  air  spaces  hod  existed,  the  result  would  be 
to  diminish  the  pressure  of  the  powder  generally,  although  in  some 
instances,  and  under  particular  circumstances,  a  local  pressure  might 
be  deTeloped  upon  a  narrow  bond  of  the  circumference  of  the  bore  in 
the  neighbourhood  of  the  base  of  the  projectile.  A  pressure,  howovor, 
of  this  kind  would  not  be  such  as  to  endanger  the  gnn,  having  regard 
to  the  limited  area  over  which  it  would  act,  and  to  the  fact  that  this 
limited  area,  besides  having  its  own  inherent  strength,  would  receive 
aid  from  the  metal  both  in  its  rear  and  in  its  front,  that  in  the  rear 
being  exposed  to  but  a  comparatively  slight  pressure,  while  that  in  the 
front  would  be  exposed  to  scarcely  any  pressure  at  all. 

Further,  there  had  been  the  experiments  on  Sir  Wm.  Pallisor's  gun 
and  the  experiments  by  the  Armstrong  and  Whitworth  Committee 
mda  long  ago,  which  had  shown  that  air  spaces  were  not  sources 
el  danger  to  a  gun.  Moreover,  at  the  time  of  the  inquiry  at  Malta 
we  had  before  us  the  fact  of  an  air  space  of  4  feet  having  existed  in 
the  100-ton  gun  on  the  occasion  of  one  of  the  trials  at  .Spezzia ;  and 
bj  the  time  I  had  delivered  my  last  lecture,  wo  had  had,  as  I  showed 
bj  the  diagrams,  experiments  made  by  Captain  Noble  on  a  10-inoh 
gm  chambered  to  12  inches.  In  these  last  experiments  the  air  spaces 
varied  £rom  2  feet  to  6  feet.  The  general  result  was  the  lowering  of 
the  preasore,  but  with  the  special  result,  however,  when  Kifle  Large- 
grain  powder  was  used  in  lieu  of  the  Pebble  powder,  of  generating  tlio 
local  prcesnre  which  I  have  said  may  be  produced  under  certain 
circnmstanoes.  All  those  experimouts  sliow  that,  whether  the  local 
piiMiiin  was  generated  or  whether  it  was  not,  the  gun  was  uninjured. 

Other  raggested  causes  of  the  explosion  were,  that  the  gun  was 
wiiUnd  for  ordinary  use,  because  the  materials  woro  ba<l,  or  that  it 
imA  beam  injured  by  previous  firing. 

The  Committee,  as  you  may  remember,  reported,  for  good  reasons, 
m  it  appears  to  mo,  against  all  the  prece<luig  sug<{08tiuns,  and  for 
equally  good  reasons — the  best  of  all  reasons — the  evidence  afforded 
Vj  the  fragments  of  the  gun  itself— gave  it  as  their  unanimous  couvic- 
tMO,  that  the  explosion  had  resulted  from  the  gnu  being  fired  while 
two  charge*  were  in  it. 

This  judgment  of  the  C'Ommittee,  I  am  glad  to  say,  commended 
ilaelf  at  the  time  to  many  of  those  who  were  in  possession  of  the 
whole  of  the  facts  and  who  duly  considered  and  weighed  them ;  but 
w«  oowknow  that  a  large  number  of  professional  men,  well  acquainted 
with  the  practice  of  gunnery  generally,  but  not  taking  the  pains  to 
inqnira  into  the  special  circumstances  attending  upon  the  working 
«f  the  gnn  in  the  fore  turret  of  the  *  Thunderer,'  woro  opposed  to 
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the  conviction  of  tho  Conimittoo.  They  orgod  thai,  f^TT 
inadvcrtt^ntly  donblo-loaded,  those  who  wore  working  the 
be  usnmod  to  bo  ignorant  of  whether  they  had  firod  it  i 
this  thoy  said  was  on  tho  following  grounds  an  abBurdi' 
involyod  their  not  knowing  whether  the  gun  had  recoiled 
the  recoil  wonld  have  been  evidence  that  the  gnn  bad  not  i 
and  the  want  of  tho  recoil  evidence  tliat  it  had  missed  fire, 
impnssiblo  there  conld  have  been  any  doubt  npon  this  ( 
roooil.  Further,  some  of  them  nrged  that  it  must  have  bi 
by  the  noise  of  the  report  whether  tho  gun  had  gone  off  oi 
lastly,  they  all  urged  that  any  body  of  men  must  have  notic 
rammer  used  did  not  send  the  second  shot  to  tho  posit 
ought  to  have  occupied  if  the  gun  hod  been  empty,  bnt  that 
several  foot  short  of  this. 

All  these  wore  very  pertinent  observations  upon  guns  f 
and  unprovided  with  hydraulic  running  in  and  out  gear 
hydmnlic  telescopic  loading  gear ;  but  they  were  Lnapplical 
in  tho  proper,  but  not  tho  conventional,  sense  of  the  \ 
imiKjrtinent  to,  the  matter  under  consideration. 

Let  me  briefly  rocnpitulote  the  facts  attending  npon  t 
and  firing  of  tho  '  ThnndtTcr '  gun. 

Two  38-ton  guns  in  one  turret,  electrically  conplod  up 
key  placed  in  tho  conning  tower,  to  wliich  key  also  the  tw 
the  after  turret  wore  coupled  up.  On  the  doprossiun  of  tl 
the  officer  iu  tho  conning  tower  (without  any  act  on  tho  pa 
in  tho  turrets),  it  was  intended  that  all  four  guns  should 
tanoously  discharged  to  give  a  broadside.  These  oloctric 
are  by  no  means  certain  in  their  action.  At  tho  very  broad 
consideration,  one  of  tho  guns  in  tho  after  turret  was  mo* 
not  fired  oiT,  although  its  electrical  fuse  was  exploded.  I  sa; 
tainly,  because  tifter  the  steps  had  been  taken  that  wei« 
necessary  by  tho  explosion  in  tho  fore  turret,  the  charge  c 
in  the  after  turret  was  extracted.  Thoro  is  therefore  n< 
that  because  the  key  in  the  conning  tower  was  depressed, 
in  tho  fore  turret  must  have  been  discharged. 

With  respect  to  the  men  in  the  turret  knowing  by  thi 
concussion,  that  the  gim  had  boon  discharged,  all  those  who 
present  in  a  ttuTet  when  a  single  gim  of  this  size  has  beei 
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lerer  is  qnito  properly,  and  to  savo  time,  pat  into  tho  in-ranning 
poeiticn  directly  the  gun  is  FnppoBcd  to  have  boon  discharged,  and  in 
a  very  few  seconds  the  wholo  work  of  running  in  is  occompliahod ; 
and  whether  it  has  boon  done  by  hydraulic  power  alone,  or  by  that 
[>w^  aided  by  recoil,  no  one  who  does  not  happen  to  be  closely 
ig    the   first   port  of  the   inwonl    run   of   the    gon    could 

ably  tell. 

Then  with  respect  to  the  rammer  giving  an  indication,  tho  large 
joint  of  a  hydmnlic  telescopic  rammer  having  a  greater  area  than  the 
smaller  one,  it  follows,  almost  as  a  matter  of  necessity,  that  on  tho 
water  proesaro  being  turned  on,  the  large  joint  starts  first  on  the 
jonmey  and  carries  tho  rammer  hea<l  with  tho  smaller  joint  up  into 
tlie  bore  of  tho  gun,  tho  smaller  joint  not  starting  to  run  out  from 
the  largo  one  until  the  largo  one  has  made  tho  whole  of  its  traverse, 
and  has  coma  to  rest;  and  thus  it  is  that,  in  tho  absence  of  some 
indioatur,  there  is  nothing  to  tell  those  who  are  working  tho  rammer 
to  what  distance  the  rammer  head  carried  on  tho  small  joint  goes 
ap  tbo  bore,  before  it  is  stopped  by  the  projectile  and  cartridge  in 
the  gnn. 

Thus  concussion,  recoil,  position  of  rammer— all  moans  that 
pesBons  acquainted  with  tho  working  of  ordinary  guns  would  rely  on 
■a  aflbrding  information  of  tho  non-cxploiiion  of  tho  first  charge — fail 
when  one  is  considering  the  question  of  double-loading  of  guns  such 
as  tboee  in  tho  foro  turret  of  tho  '  Thunderer,'  when  fired  in  pairs  by 
electricity. 

From  the  very  ontset  it  was  felt  by  tho  Committee  of  investiga- 
tion, that  notwithstanding  their  strong  and  unanimous  conviction  as 
to  the  canao  of  the  explosion,  based  upon  the  evidence  they  thom- 
•elTes  had  heard  and  tho  investigations  they  had  made  of  the  frag- 
naato  of  the  gun,  there  was  great  reason  to  fear  that  the  public,  and 
it  might  be  some  artillerists,  including  naval  oiBcors,  not  having  tho 
opportunity,  or  not  caring  to  incur  tho  necessary  labour,  to  closely 
examine  into  tho  facts  and  evidence,  would  bo  likely  to  reject  tho 
oooclusiun  arrived  at  by  tho  Committee,  and  would  hold  the  belief 
that  the  gun  had  explodod  because  tho  gnu  was  dangerously  near  the 
esplodisg  point  even  when  used  in  the  ordinary  manner ;  and  if  this 
vara  tmo  with  respect  to  ortillorints  and  naval  officers,  still  mora 
lihnlj  was  it  to  be  tlie  cose  with  rofcronce  to  the  gunners  and  sailors, 
vhoM  education  and  training  in  all  probability,  as  a  rale,  would  not 
be  Rich  aa  to  enable  them  to  weigh  the  evidence  and  to  follow  tho 
aignments  based  npon  that  ovidouce  (even  if  they  hod  access  tu  it) 
and  thus  to  oome  to  a  proi>cr  conclusiou  u]K)n  a  question  such  as  tliis. 

It  was  under  those  circumstances  that  tlio  Committee  which  sat  at 
Malta  cxpteosed  thoir  hope  that  tho  Government  would  devote  the 
fellow  gun  of  the  one  which  burst,  to  trials  of  all  suggested  caiuee, 
and  finally  to  tlio  firing  with  tho  double  charge,  so  as  to  prove,  b<>th 
Dogatively  and  affirmatively,  that  the  Committee  wore  correct  in  tho 
eoooliudon  to  which  they  had  oomc. 
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On  the  oooaeion  of  my  previouB  lecture  on  this  bvA 
my  oaracet  dcsm)  that  tho  Governmeut  would  see  fit  to  aoc 
recommendation  uf  tho  Committee,  although  I  trusted 
needed  for  the  satisfaction  of  the  serrioe  at  large ;  bat  th< 
has  elapsed  since  that  lecture,  has  brought  evidence,  that 
many  who  needed,  to  re-assure  them,  the  indisputable  proa 
double-loading  could  alone  afford. 

I  am  glad  to  say,  as  we  now  all  know,  that  this  proc 
given,  and  that  the  gun,  after  having  been  experimented 
modos  which  I  shall  have  occasion  to  detail  to  you  pre 
6nally  dunblc-loadod  and  fired ;  and  I  for  one  desire  to 
most  sincere  thanks  to  those  in  authority  for  having  pi 
course,  and  I  hope  that  everyone  in  this  room  will  feel  I 
acting  tho  Govoruniont  were  doing  no  more  than  they  wei 
do,  bearing  in  mind  tho  fact  that  officers  and  men  must  ( 
carry  out  the  orders  given  to  them,  wholly  irrespeotivo 
attending  upon  their  obedience.  It  seems  to  me  impossi 
right-thinking  man  to  dissent  from  tho  proposition,  thatu 
sttiU.'.  of  things  it  is  the  duty  of  those  who  are  placed  in  a 
authority — authority  such  that  tho  orders  they  give  cani 
putcd — to  satisfy  those  who  are  wjmpellod  to  obey,  and  i 
them  by  proeticnl  proof  that  in  that  ubedicnco  they  ini 
arising  from  tho  imperfoctiun  of  tho  weapons  put  into  thei 

I  hope  that  this  expression  of  satisfaction  will  bo  gen 
those  whoso  opinion  is  worth  having,  because  it  is  easy 
tho  time  is  coming  when  there  will  bo  tlioso  who  will  say, 
this  waste  made  of  a  valuable  gun  ?  Tho  Committeo  hod 
canse  of  bursting.  Tho  members  of  it  who  were  in  Engl 
Assessor  said  there  is  no  doubt  as  to  tho  result  uf  the  doul 
and  if  this  wore  so,  and  it  was  a  foregone  conclusion  t] 
loading  would  burst  the  gim,  why  was  the  gun  wasted?* 
among  those  objectors  will  be  found  those  who  by  that  tire 
forgutton,  OS  by  tliis  time  they  are  beginning  to  forget, 
denied  that  double-loading  could  burst  a  gun,  and  assert 
bursting  must  have  been  duo  to  some  other  cause. 

I  once  hoard  an  eminent  chemist,  lecturiug  on  the  h 
great  discovery,  say  tfaera  were  generally  three  stages  thr 
all  new  truths  have  to  pass.     First,  It  is  absurd,  and 
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,  with  the  exception  of  one  or  two  still  faithful  adheronte,  is 
arded  as  a  meet  unlikely  cause :  "  Abenrd  to  suppose  that  a 
-iron  or  steel  gun  could  be  burst  with  s  piece  of  brown  paper  ! " 
h  respect  to  the  double-loading,  I  doubt  not  before  many 
e  OTer  it  will  bo  found  that  there  is  nobody  who  did  not  know 
>  very  first  that  if  a  gun  were  doublo-loadod  and  fired  it  must 
[t  appears  to  me  that  if  it  were  only  to  bring  persons  into 
lition  of  mind,  the  gun  has  been  well  expended,  because  if  the 
generally  accepted  and  bclicTed  in,  it  matters  little  whether 
remember  that  this  desirable  state  of  mind  has  boon  arrived  at 
their  previous  convictions,  or  whether  they  delude  themselves 
condition  of  believing  that  they  never  had  any  other  opinion 
I  subject,  than  that  double-loading  woidd  burst  the  gun,  and 
ling  else  would.  Whatever  may  bo  the  origin  of  the  state  of 
ads,  it  is  for  the  good  of  the  service  that  the  universal  settled 
m  should  be,  that  the  gun  was  strong  enough  for  ordinary 
was  only  burst  by  an  extraordinary  use,  which  in  all  pro- 
never  will  recur,  and  which  cam  be  made  a  matter  practically 
le  to  recur. 

r  of  the  former  suggested  causes  of  the  explosion,  such  as  tho 
incy  of  the  gun  to  withstand  tho  effects  of  exploding  a  singlo 
I,  fired  in  the  ordinary  manner,  arising  either  from  badness  of 
I,  or  of  workmanship,  or  from  tho  gun  having  been  injured 
ions  use,  Imvo  practically  been  abandoned,  and  need  not 
four  time  for  one  moment.  Neither  need  we  devote  much 
ition  to  a  novel  suggested  cause,  which  does  great  honour  to 
anity  of  its  author.  He  says,  "  When  pushing  in  a  drawer  of 
if  drawers,  if  you  push  it  on  one  side  it  sticks."  I  am  afraid 
lemon's  furniture  must  have  been  defective.  "  Now  apply 
loning  to  the  projectile  in  tho  gun ;  if  you  push  that  upon 
that  would  also  stick,  and  therefore  the  gun  would  burst." 
«  he  reflects,  "  If  I  can  but  find  some  sufficient  cause  why 
etile  may  have  been  pushed  more  on  one  side  than  on  tho 
r  homely  chest  of  drawers  has  enabled  me  to  solve  this  groat 
He  no  doubt  had  road  those  exhortations  "  to  keep  your 
try,"  and  it  occurred  to  him  that  if  dry  powder  were  a  good 
i,  damp  powder  must  be  a  less  goo<l  explosive  ;  thereupon  he 
that  if  one  side  of  tho  cartridge,  say  tho  upper  side,  faapiKsiicd 

0  a  stratification  of  damp  jKtwdcr,  while  tho  other  side  hod 
lor,  that  the  one  side  of  the  shot  would  be  impelled  with  a 

groator  than  tliat  which  was  acting  on  tho  other,  tho  shot 
m,  and  the  gun  would  burst. 

1  DOW  call  your  attention  to  the  tables,  Diagrams  (4)  and  (5), 
ow  tho  results  of  firing  tho  gun  with  air  spaces  between  the 
I  aad  tho  baso  of  the  projectile.  As  you  will  gee,  as  many  as 
periments  wore  made  with  each  of  the  quantities  of  powder, 

all  occasions  was  P,  or  iiebble.  The  first  experiment  was 
hoot  any  air  spaoo:  in  tho  subsequent  ozporimeuts  tho  pro- 


j^Tt  Huu  per  iqiure  men  wnen  uiu  mir  ■jmijb  wvs  un 
and  with  tbo  85-lb.  charge  and  tho  common  shell  inste 
of  20-2  when  thoro  was  not  any  air  spoco  1-0  tai^ 
when  tbo  air  space  woa  increased  to  the  10  foot.      ^ 

TLo  velocity  of  tho  shot  and  tho  recoil  of  the  grm 
observed,  dimiuishcd  as  tho  air  spaces  increased. 

These  exi^rimonts  entirely  corroborated  thoso  i 
made  by  Captain  Nublo  prior  to  my  lost  lecture. 

Although  in  tho  foregoing  experiments  with 
bnmiug  c<^imparatively  slowly,  no  excess  of  pressox 
because  tho  general  diminution  of  pressure,  owing  ! 
space  the  gases  had  for  their  expansion,  more  than  t 
any  increase  due  to  ram  action,  yet  it  is  perfectly  posi 
of  n  small  grain,  or  highly  inflammable  powder,  to 
pressure  on  the  base  of  tho  shell  precisely  on  tho  pri 
a  water  ram  acts,  and  precisely  on  tho  pame  principle  : 
in  tho  year  1870  I  showed  to  the  Iiu>titutioD  of  Mecha 
how  steam  might  bo  caused  to  dclivor  a  greater  pre 
which  prevailed  in  tho  boiler  from  which  tho  steam  ca 

Tho  question  arose  in  tho  following  manner.  1 
Chatolier  liod  devised  a  mode  of  arresting  railway  tra 
use  of  breaks,  by  means  of  that  which  has  become 
"  Contre  Vapour  "  system.  This  consisted  in  (as  we 
putting  tho  engine  into  "back  gear,"  so  that  tho  pistons 
propelled  by  the  steotm  wore  oonvortod  into  pump  bucl 
steam  back  into  tho  boiler.  You  may  say,  as  man 
this  amounted  to  nothing  more  than  that  which  over 
does  as  a  last  resource  to  avoid  collision — reverse  tho  ( 
reversal  of  an  engine  while  in  rapid  motion  is  vra 
locomotive  never  resorted  to  except  in  dire  necessity,  1 
groat  danger  of  scoring  tho  cylinder  and  the  piaton-M 
iug  the  paukiug  in  the  stuffing  boxes.  This  arises  1 
temperature  in  the  cylinders,  due  to  tho  couvorsion  c 
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axperimenting  with  it  in  order  to  lay  the  results  of  the  experiments 
the  Lastitntion  of  Mechanical  Engineers.  In  making  tkcso 
aents,  I  found  to  my  astonishment  that  the  pressure  of  steam  in 
Ihe  cylinder  was  (greater  than  that  in  the  boiler  from  which  the  steam 
kad  set  ont.  Had  the  difference'  been  only  two  or  three  ponnds  I 
■hoold  have  attributed  it  to  the  excess  nee<lod  to  force  the  steam  back 
into  the  boiler,  bnt  the  observed  difference  was  as  much  as  30  lbs.,  and 
noreoTer  it  was  obvions  that  the  true  limit  of  pressure  had  not  been 
xtftaheA,  bnt  that  the  further  rise  of  the  indicator  hod  been  Btoppc<l, 
the  qnisg  then  in  the  indicator  having  been  compressed  to  the  full 
exftemt  of  its  range.  My  first  impression  was  that  the  indicator  was 
cmt  of  order,  although  in  its  immediately  previous  ose,  on  the  engine 
when  mnning  in  forward  gear  in  the  ordinary  manner,  it  hod  accorded 
■o  completely  with  the  pressore  of  steam  in  the  boiler  as  to  render 
Boeh  ui  assumption  very  improbable  ;  but  on  testing  the  indicator  it 
wms  found  to  bo  quite  accurate.  I  then  had  to  cast  about  for  the 
eanae  of  the  phenomenon  of  the  excess,  which  was  revealed  by  the  iiidi- 
Cktor  diagranut,  enlarged  copies  of  which  diagram  (6)  are  on  the  wall. 
To  explain  this  cause  I  must  refer  yon  to  the  skeleton  diagram  (7) 
of  the  locomotive.  From  this  it  will  be  seen  that  the  steam  was  taken 
from  one  end  of  the  boiler,  and  was  then  ccniductod  by  a  pipe  the 
vliole  length  of  the  boiler  to  the  cylinders.  When  working  in  reverse 
gear  the  steam  is  suddenly  ailmitted  from  the  boilers  into  the  cylinder 
wben  tbe  piston  is  about  half-way  along  the  cylinder ;  as  a  result 
til*  aleun  is  set  in  very  rapid  motion  in  the  long  pipe,  and  then  upon 
the  cjlinder  being  filled,  its  motion  is  resisted,  and  the  storcd-up  work 
ia  Uia  weight  of  steam  travelling  at  the  high  velocity  along  this  pipe 
is  BsfBciait  to  oanso  the  pressure  to  rise  iu  the  cylinder  to  such  a 
point  above  the  pressore  in  the  boiler  as  will  absorb  the  "  work  "  in 
llie  aleain  in  the  pipe. 

I  think  I  shall  be  able  to  illustrate  that  which  I  moan  by  the 
litUo  apparatos  I  have  hero.  This  is  a  gas-holder,  now,  however, 
filled  with  air,  giving,  as  yon  will  see  by  the  gango,  a  statical  pressure 
of  nine  inches  of  water,  which  I  must  ask  yon  to  accept  as  the 
eqntralent  of  the  pressure  of  tlio  steam  in  the  boiler.  From  the 
gB»-bolder  a  horizontal  pipe  (the  equivalent  of  the  long  pipe  in 
the  lioiler)  proceeds.  This  pipe  terminates  in  a  vessel  which  is  the 
•qotralent  of  the  cylinder  iu  the  locomotive.  The  pipe  is  shut  off 
fruoi  the  gas-holder  by  a  stop-cuck,  and  is  slint  off  from  the  pressure 
■go,  placed  at  its  end,  by  a  little  valve  opening  outwards  towards 

>  gaogo,  the  gauge  itself  deriving  its  pressure  from  another  pipe 
a  small  bole  of  ocmnection.  On  the  sudden  opening  of  tlie 
k,  I  think  yon  will  find  that  the  air  on  rushing  along  the 

I  and  filling  the  vessel  at  the  end  of  it,  will  not  be  content  with 

Ineing  a  pressure  in  the  vessel  ctjual  to  that  in  tbe  holder,  but  will 
/▼iJtw  of  tiie  storod-np  work  in  the  air  in  motion  produce  a  pressure 
I  tb0  Toanol  snfflciently  higher  than  that  iu  the  holder  to  open  the 
ttlf  agiitnst  the  gns-holdcr  pressure,  and  to  raise  the  water  iu  the 
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gango  to  a  higlior  point  than   that  at  which  it  is 
although  that  point,  bo  it  romcmbored,  ia  that  which  indicafa 
pressure  of  the  air  in  tho  holdiT. 

This  simple  oxporimont  and  thoso  made  in  tho  locomotivo 
trato  tho  ram  action  of  an  elastic  fluid,  and  tho  manner  in  wk 
local  pressure  at  the  base  of  tho  shot  may  bo  set  np  when,  V| 
suitable  air  space,  a  very  quick  burning  powder  is  used.  Bat  it  * 
bo  found  if  wo  were  to  apply  pressure  gauges,  that  this  preaM 
extremely  local,  and  as  I  hare  said,  would  not  cause  inja 
it  is  resisted  by  the  strength  of  the  ring  of  metal  again 
presses,  and  that  ring  is  aided  to  resist  it  by  tho  metal  oiA 
of  this  area  of  local  effort;  which  laet-mcutioned  metal  is  not] 
subjected  to  tho  local  pressure,  and  thoreforo  has  a  sorploa  of  strt 
to  aid  its  neighbour. 

I  will  now  call  your  attention  to  Diagram  (8)  showing  the  eg 
mont  which  was  made  to  test  the  value  of  the  other  snggeeted  1 
of  explosion,  namely,  an  oir  space  between  the  projectilo  aoo 
canted  wad,  over  which  wad  it  was  assumed  tho  point  of  the  projt 
might  pass,  thus  converting  tho  wad  into  a  wodgo  and  bursting 
gau.  All  that  I  have  to  say  about  this  experiment  is  that  the  i 
was  absolutely  nil,  as  was  also  an  exjiorimeut  made  with  a  simiU 
space,  but  with  tho  wad  nut  canted.  ' 

With  respect  to  the  non-injurious  effect  of  air  Bi>ac«8,  many  pel 
have  oskod  mo,  "  How  do  you  distinguish  between  tlio  bursting 
sporting  gun  Crom  a  little  snow  being  in  the  barrel  when  tho  gt 
fired,  and  tho  bursting  or  non-bursting  of  tho  3y-ton  gun  with  ai 
space  ?  Are  not  these  two  states  of  things  similar,  and  if  the  spoi 
gun  bursts  in  co&Boqnenco  of  the  air  space  botweon  the  charge  anc 
snow,  why  should  not  the  38-ton  gun  burst  with  its  air  space  ?*' 
answer  is,  that  the  sporting  gun  is  not  burst  by  the  air  space  bn 
tho  snow.  I  have  hero  two  barrels  which  have  been  purposely  I 
in  tho  manner  I  will  describe  to  yon. 

Diagram  (9)  shows  these  barrels  in  their  burst  condition. 

One  of  them,  as  you  will  see,  is  split  open  by  a  longitudinal  f 
of  some  length.  This  was  effected  by  placing  a  plug  of  wax  at 
point  a  a  shown  on  tho  drawing,  and  firing  a  bullet  against  thot  j> 
Tho  pressure  required  to  put  the  wax  instantly  into  motion  i 
velocity  equal  to  that  of  tho  bullet  was,  of  course,  infinite,  but 
infinite  prossuros  cannot  bo  obtained,  a  compromise  was  arrivet 
botweon  tho  shot  and  the  wax.  Tho  shot  retained  part  of  its  enei 
ond  moved  forward  at  n  reduced  velocity ;  the  wax  moved  forw 
with  the  samo  reduced  veltvcity ;  but  as  cvca  this  velocity  could 
bo  obtained  instantaneously  and  without  heavy  pressure,  tho  first  ef 
of  tho  impact,  on  tho  wax,  was  to  cause  it  to  expand  laterally,  i 
thereby  to  burst  the  gun. 

Tho  second  barrel,  you  will  seo,  has  a  ring  bulge,  which  illustra 
very  strikingly  that  which  I  Iiavo  been  saying  as  regards  local  press 
at  tho  base  of  a,  projectile.     This  ring  bulge  was  obtained  by  plac, 
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•  bullet  in  tbo  barrel,  at  the  poiut  b  b,  and  by  tlion  firing  at  the 
ballet  a  pellet  of  wax.  The  wax  meeting  the  base  of  the  bullet  was 
subjected  to  the  prcsenro  requisite  to  put  the  bullet  into  motion  at  tlie 
Telocity,  whatever  it  was,  at  which  the  bullet  woa  then  moving,  and 
that  prossuro  was  sufficiently  great  over  the  small  area  sho^vn  to 
balgo  the  gun  in  the  manner  in  which  yon  sec  it. 

There  shonhl  bo  nothing  difficult  to  understand  in  this  fact  of  the 
banting  power  of  a  small  stiktionary  object  of  a  character  such  as,  nnder 
preaeiire,  to  behave  in  the  manner  of  a  fluid,  if  wo  consider  how  the 
heaTiest  shot,  moving  at  the  highest  velocity,  will,  on  striking  a  yield- 
ing material  like  water,  if  they  are  of  the  appropriate  form,  be  deflected 
Crum  their  lines  of  flight,  and  canscd  to  assume  an  entirely  ditferent 
eoarae.  Especially  is  this  the  case  with  pointed  pnijectiles.  I  was 
told  that  the  pointed  shot  from  tho  vessel  the  '  Huascor '  when  fireil 
■gainst  tho  '  Amethyst '  were  many  of  them  aimed  very  well  as 
regards  horizontal  direction,  but,  fortunately  for  tho  '  Amethyst,' 
they  fcU  a  few  feet  short,  and  struck  tho  water  eomo  little  distance 
before  reaching  tho  vessel,  with  tbo  result  that  they  wore  deflected, 
and  passed  completely  over  tho  *  Amethyst,'  doing  her  no  harm 
whatever. 

Let  mo  ask  yon  to  suppose  that  up  to  the  present  time  no  shot  had 
over  been  fired  so  as  to  como  into  contact  with  wntcr  (and  that  no  ono 
had  ever  played  "  Ducks  and  Drakes  "),  and  the  question  wore  put  to 
•nj  of  yon  what  effect  would  such  contact  have  upon  tho  flight  of 
a  600-lb.  shot  moving  at  a  velocity  of  a  quarter  of  a  mile  a  second. 
Do  you  not  think  you  would  hove  attempted  to  parwly  Stophenson's 
nlobrated  answer  when  asked  what  would  happen  if  one  of  his 
loooawtiTOS  were  to  run  against  a  cow,  and  have  said  it  would  bo 
"a  bad  thing  for  the  water,"  and  would  have  dono  so  bocanso 
apparently  obviously  a  body  so  mobile  that  the  hand  of  a  child  may 
di^arb  it  at  will,  must  bo  powerless  to  interfere  with  the  flight  of 
neh  an  object  as  the  shot  of  a  3S-ton  gun,  or  indeed  of  any  gun. 
Bat  «•  know  from  experience  that  it  can  deflect  that  flight,  as  I  have 
Jut  JiwtannKl  in  the  case  of  tho  '  Amethyst,'  and  if  tbo  shut  bo  of  tho 
lyaropriato  shape,  deflect  it  to  a  most  serious  extent ;  the  reason  being, 
M  !■  BOW  clear  to  all  of  us,  that  tho  inertia  of  the  bulk  of  water  that 
vamt  be  set  into  motion  with  tho  requisito  speed  to  allow  of  tho 
paaage  of  the  shot  is  such  as  to  produce  a  resistance  so  great  that  if 
h  be  applied  in  any  other  direction  on  the  shot  than  that  of  its  axis  it 
will  oaiue  a  departure  from  the  Uno  of  flight,  and  thus  when  tho 
•Icment  of  time  is  taken  into  account  o  mobile  material  like  water 
BMj  be  M  effieaoions  in  diverting  the  direction  of  a  shot  as  would  bo 
a  ateel-faoed  armoor  plato  itself. 

Similarly,  the  small  piece  of  snow,  which  could  bo  readily  removed 
fron  the  Ixiro  of  the  gun  by  tho  little  finger,  produces  a  lateral 
irame  when  struck  ami  sought  to  be  put  into  motion  by  tlio  rapidly 
Bwriag  shoi,  sufficient  to  burst  tho  barrel  of  a  sporting  gun. 

If  a  cylindrical  shot  oould  bo  mode  of  some  material  so  bard,  that, 
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on  being  fired  againvt  a  Bimilor  stationary  shut,  placed  ucar  the  mn 
jof  a  barrel,  it  would  not  split,  and  yet  would  not  be  so  soft  as  to  ex] 
■B  the  collision  between  the  two  cylinders  taking  place,  the  n 
^ronld  be  that  the  barrel  would  not  be  injured. 

After  the  air  space  and  the  wedge  wad  experiments,  nothin| 
mained  but  the  firing  of  the  gun  with  double-loading.  I  ongb 
have  said  that  more  Uian  one  person  urged  the  authorities  to  tty 
double-loading  before  the  canted  wad  experiment  was  made,  on 
ground  that  as  the  canted  wad  would  burst  the  gun,  there  would  b 
gun  left  to  fire  double-loaded.  The  authorities,  however,  having 
fidenco  in  the  Report  of  the  Malta  Committee,  did  not  accede  to 
request,  as  they  felt  assured  that  after  the  double-loading  there 
bo  nothing  but  fragments  with  which  to  experiment. 

To  guard  against  accident  very  considerable  precautions  ha 
be  taken.  These  were  most  thoroughly  carried  out  by  the  B 
Engineers,  and  were  in  every  way  successful.  The  gun,  prov 
with  a  hydraulic  cylinder  recoil  gear,  was  contained  within  a 
constructed  of  upright  timber  sides,  and  a  timber  roof;  against 
sides  sandbanks  were  formed,  and  the  roof  was  loaded  with  n 
thousand  bags  of  sand.  A  transverse  opening  was  left  just  at  the 
of  the  gun  from  side  to  side  of  the  cell,  and  above  this  opening 
veutUating  shafts  were  placed.  The  cell  projected  about  20 
beyond  the  muzzle  of  the  gun.  There  was  then  an  opening  of  4 
and  beyond  that  another  coll  filled  up  solid  with  sand,  into  whid: 
projectiles,  and  any  splinters  of  the  gun  that  went  forward,  were  1 
received.     Diagram  (10)  shows  the  arrangement. 

On  the  morning  of  the  3rd  of  this  month,  all  preparations  b 
complete,  the  gun  was  loaded,  first  with  1 10  lbs.  charge  of  P.  po\i 
then  with  a  Polliscr  shell  and  gns-chcck,  the  shell  being  empty, 
a  disc  wad.  This  wad  fitted  so  tightly  into  the  gim  as  to  reqni 
mallet  to  insert  it.  It  was  rammed  homo  with  a  rammer  worke( 
eight  or  ten  men,  and  when  in  place  a  mallet  was  used  on  the 
of  the  rammer. 

Then  a  full  charge,  85-Ib.  cartridge,  of  similar  powder  was 
into  the  gun.  Then  a  common  shell  with  its  gas-chock,  but  en 
was  inserted,  and  then  another  disc  wad,  which  was  similarly  ram 
home.  When  the  whole  charge  was  in  the  gun  I  measured  from 
front  of  the  muzzle  to  the  front  of  the  disc  of  the  wod,  and  I  ft 
the  Crnut  of  that  disc  to  be  84^  inches  from  the  muzzle,  or  exactly 
with  the  front  of  the  1  B  coQ.  This  leaves  113^  inches  of  the 
OS  the  space  occupied  by  the  two  shells,  the  two  cartridges,  and 
two  wads ;  allovring  for  the  circumstance  of  the  points  of  the  si 
pouotraling  the  holes  in  the  wads,  and  for  the  fronts  of  the  cartrii 
being  within  the  rim  of  the  gas-checks,  and  for  the  front  of  the  hii 
wad  being  indented  into  the  roar  of  the  front  cartridge,  it  wil 
found  that  the  cartridges  must  have  been  occupying  3  to  4  inches 
than  the  length  nominally  nllottod,  thus  clearly  showing  that  tl 
was  no  defect  in  the  hand  ramming  as  practised  on  this  occasion,  t 
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M  ironld  cause  tho  loading  to  differ  from  that  which  was  effected  by 
the  hydraulic  apparatus. 

The  loading  being  complete,  thoae  present  at  the  experiment 
retired  about  two  huudred  yards.  Tho  gun  \vas  then  fired.  The 
report  was  not  very  remarkable  ;  but  it  must  bo  borno  in  mind  that  the 
gun  was  Bo  thoroughly  enveloped  in  the  cell  that  the  sound  was,  of 
aaoeesity,  much  deadened.  There  was  a  very  largo  volume  of  smoke, 
obvioaBly  more  than  would  have  occurred  from  au  ordinary  charge. 
Boine  planks  which  were  laid  across  the  space  between  the  two 
edls  were  blown  into  the  air,  and  these  were  all  tho  indications 
exterior  to  the  chamber,  that  wore  given. 

On  entering  the  c-ell  it  was  at  onoe  seen  that  the  gun  was 
ntterly  destroyed,  the  breech  part  wth  tho  trunnion  alone  being  left 
in  position.  Tho  rest,  with  the  projectiles,  had  either  penetrated  the 
atad  ia  front,  or  was  lying  in  fragments  about  the  cell,  the  sides  of 
which  were  scored. 

The  gun,  or  rather  the  remains  of  it,  had  recoiled  the  full  distance 
of  abont  4  feet,  and  tho  carriage  was  hard  up  against  the  wooden 
Uocka  which  had  been  put  there  as  a  final  stop,  and  those  blocks  had 
ids  indented  into  tho  transverse  timbers,  showing  that  the 
had  been  very  large.  Moreover,  it  was  clear  from  the  condi- 
of  the  rear  end  of  the  cell  that  the  pressure  on  the  hydraulic 
•lipumtna  had  been  such  as  to  burst  the  cylinder  which,  unlike  tho 
tjrtiadet  on  board  the  '  Thunderer,'  was  not  provided  with  safety 
talves,  and  to  drive  tho  fluid  (the  oU)  out  of  the  cylinder,  tho  inside 
of  the  oell  at  this  part  being  literally  anointed  with  tho  contents  of 
the  cylinder.  Subsequent  examination  has  shown  that  the  end  of  the 
hydraulic  cylinder  had  given  way  and  had  been  opened  out  around 
more  than  half  of  its  circumference. 

I  ti.»w  propose  to  show  you  on  the  screen  photographs  of  certain 
«f  the  principal  portions  of  tho  recently  exploded  gun  and  of  its 
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I  will,  howeTor,  first  ask  your  attention  to  a  photograph,  Diagram 
(UV,  of  the  companion  gun  (the  one-  that  burst  on  board  the 
'  ThniMlerer ')  as  it  appears  now  whon  put  together  in  the  Arsenal  at 
Woolwich. 

The  first  of  tho  photographs,  Diagram  (12),  of  the  gun  recently 
bant,  represents  a  front  view  of  tho  remainder  of  the  hinder  part  of 
ihe  gon.  Yon  will  see  that  tho  whole  in  advance  of  the  breech  piece 
k>B  diaappeared  ;  that  the  stool  tube  is  broken  off  in  a  jaggod  manner 
at  about  this  point ;  that  the  front  end  of  the  0  coil  has  been  torn 
away,  and  that  this  coil  itself  is  split  from  end  to  end  on  that  which 
ii  the  right-hand  side  of  tho  gun  whon  viewed  from  tho  muzzle  end. 
The  front  jtart  of  the  stcol  tubo  is  oxpande<l,  as  the  other  tube  was, 
13  inches  diameter  to  about  12.^  inches,  this  expansion,  as 
,  being  doe  almost  entirely  to  stretching  in  the  grooTes,  and  the 
of  the  breech  piece  has  again  been  boU-mouthod  by  that 
Tho  rear  end  of  the  steel  tobo  ia  nucbangod  in  dimension, 
Vou  IX.    (No.  72.)  S 
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ftnd  is  nbsolattily  without  flaw  for  3  feet  6  inclies  from  the 
oud ;  at  tUia  point  Botuo  of  tho  cracks  can  be  traced,  bnt  it  ml 
rcmombored  tliat  these  are  cracks  which  do  not  originate  heri 
which  terminate  here,  their  point  of  origin  havijig  been  far  foi 
or  under  the  1  D  coil.  i 

The  second  of  these  photographs,  Diagram  (13),  represent 
hinder  part  of  tho  gun  (but  to  a  smaller  scale),  and — laid  out  in  ( 
so  far  as  it  has  been  possible  as  yet  to  determine  the  order — thaj 
mouts  of  the  1  B  coil,  those  of  the  front  of  the  0  coil,  those  a 
B  tube,  and  those  of  the  steel  barrel ;  from  this  photograph  jot 
see  that  tho  1  B  coil  has  been  burst,  not  only  in  several  places  ] 
tudiually,  bnt  also  transversely  at  about  the  middle  of  itia  lengl 
just  over  tho  point  to  which  in  all  probability  tho  front  charg 
moved  at  the  time  of  explosion.  You  will  also  observe  that  thaj 
part  of  the  stoel  tube  remains  as  a  complete  cylinder  ;  this  and  \ 
of  the  pieces  immcxliatcly  in  itti  roar  are  on  the  table,  and  you  wi] 
from  them  that  thoy  have  boeu  ploughed  into  and  deeply  indentc 
a  cylindrical  body  of  tbo  bore  of  the  gun.  I  havo  no  doubt  whij 
but  that  this  body  was  tho  broken  Falliscr  shell. 

I  will  now  ask  your  attention  to  the  third  of  these  photogn 
Diagram  (H),  which  shows  the  ruins  of  the  rear  shell,  the  Pal] 
which,  with  its  gas-chock,  is  on  the  table.     The  fourth  photogi 
Diagram  (15),  exhibits  the  front  part  of  the  common  shell,  w^ 
gas-check,  and    part   of  the   fragment.     I   much   regret  that  I 
extremely  remarkable  pieces  of  tho  roar  of  this  shell  havo  not  i 
included  in  tho  photograph ;  thoy  are  however  on  the  table  and  aJ 
very  coneidorable  information.     I  find  I  havo  omitted  to  state 
crusher  gauges  woro  put  in  tho  steel  tube  at  its  base,  wore  inserted 
the  base  of  tho  Pallisor  sholl  and  into  that  of  the  common  shell ;  t' 
gauges,  before  being  put  in,  had  been  sot  to  show  no  pressure  be 
36  tons.     Tho  gauges  at  the  base  of  the  tube,  and  at  that  of  the  ] 
liser  shell,  record  that  this  prossure  of  36  tons  was  not  exceeded,  it 
probability  was  not  reached ;  bnt  tbo  gauge  at  the  base  of  tho  comi 
shell  tells  a  very  different  story.     I  will  ask  you  to  refer  to  Diag 
(16),  wliich  shows  a  crusher  gauge  in  its  working  condition,  and  t 
to  compai*e  with  it  Diagram  (17),  which  shows  tho  change  that 
been  made  in  the  gauge  in  tho  base  of  tho  common  shell.    The  pieo 
copper,  the  "crusher,"  was  yielding  under  tho  preesure,  and  had  alio 
collnpaod  as  far  as  40  tons,  when  the  bottom  of  tho  shell  was  blc 
inwards,  and  in  being  so  blown  in,  was  jammed  between  the  walli 
the  steel  tube  and  the  outside  of  the  crusher  gauge ;  the  pressure  i 
BO  enormous  that  tho  cast  iron  of  the  common  shell  has  received 
it  a  print  of  the  rifling  of  the  gun,  and  tbe  cylinder  containing  I 
prossure  gauge  has  been  contracted  upon  the  steel  piston  so  as  to  i 
It  and  to  stop  its  further  descent,  and  has  thus  imhappily  prevent 
our  obtaining  the  true  record  of  the  pressure  which  did  prevail. 
has  been  suggested  that  this  driving  in  of  tho  base  of  the  comm 
shell  was  duo  to  a  blow  from  the  Pallisor  shell  behind  it,  but  nu 


I 


Sequel  U>  the  '  Thunderer  '  Gm  Exploeion.  323 

eertamlj  this  conld  not  hiiTO  taken  place  until  the  bursting  of  the  guu 
had  Boffored  the  gases  of  the  forward  cbargo  of  powder  to  oscapo;  and 
farther,  the  reraains  of  the  common  shell,  with  its  crusher  gauge  and 
its  gas-eheck,  make  it  clear  that  no  such  contact  took  place.  If  the 
PiaUiiaer  shell  had  struck  the  common  shell  fairly,  it  would  have  broken 
tha  reftr  end  of  the  common  shell  crusher  gauge  to  pieces.  There  is 
aot  A  m&rk  upon  it,  while  if  it  hod  struck  eccentrically,  as  under  the 
eireainatanoes  it  wcU  might,  then  the  blow  must  have  rent  the  gas- 
dmsk  of  the  common  shell,  and  that  again  is  without  a  mark ;  it  is 
rfWiT,  therefore,  that  the  base  of  the  common  shell  was  driven  in  by 
1km  ttzeeoBTe  pressure  of  the  explosion  of  the  first  charge,  a  pressure 
tee  to  oanaes  to  which  I  will  shortly  allude. 

It  is  now  of  course  beyond  dispute  that  double-loading  of  the 
*  Thnndcror '  38-ton  gun  will  burst  it,  and  it  is  equally  beyond  dispnto 
tkkt  tke  air  space  and  canted  wad  trials  did  not  burst  this  gnn.  This 
Mag  80,  it  soems  to  mo  to  be  idle  to  now  suggest,  that  although 
doable-loading  has  burst  the  gun,  and  spaces  and  canted  wads  have 
Hailed  to  do  so,  and  although  there  was  conclusive  cvidonco  afibrded  by 
tbe  condition  of  the  socket  of  the  vrad  used  on  board  the  '  Thunderer ' 
tiat  tho  wad  conld  neither  hare  been  withdrawn  to  make  an  air  space, 
■or  could  it  have  been  canted,  nevertheless  the  explosion  on  board 
fte  'Thunderer  '  did  take  place  from  a  canted  wad  and  did  not  take 
place  {ram  double-loading.  I  will  not  pay  you  the  bad  compliment 
of  aapposing  that  you  wont  this  point  further  enlarged  upon  by  me, 
bat  with  your  permission  I  will  briody  allude  to  a  criticism  which 
htB  been  made.  It  has  boon  said,  "  Well,  the  gun  has  burst  from  being 
iamhij  loaded.  This  is  a  proof  that  tho  gun  is  not  what  it  should  be, 
teeanse  if  double-loading  could  happen  in  practice,  how  much  moro 
Kkaly  is  it  to  happen  in  the  heat  of  action  ?  and  if  a  gun  will  not 
itaad  aaeh  a  contingency  as  this,  it  is  not  a  proper  gun  to  bo 
■■ployed.'' 

This  is  a  taking  sort  of  statement,  but  is  to  my  mind  one  that 
eoald  not  be  mode  by  any  person  who  bad  considered  the  subject. 
No  one  suggests  that  the  hinder  part  of  the  38-ton  gnn,  the  part 
which  has  to  sustain  the  effect  of  the  single  charge,  is  unnecessarily 
Mnog.  Id  fact  there  are  some  who  would  like  to  say  it  is  too  weak  ; 
hvtlat  as  take  it  that  the  gun  should  be  as  strong  as  it  is  at  that  part 
to  fnpttij  withstand  the  charge.  If  this  is  to  bo  so,  then  evidently, 
if  IIm  effect  of  the  explosion  of  the  trout  of  the  two  oharsee  were  no 
oaater  than  that  which  arises  from  firing  it  as  a  single  uiarge  (and 
TdMlI  have  preaontly  to  show  you  that  it  is  very  much  greater^,  even 
ftM  the  gnn  ought  to  be  made  as  large  for  11'  2"  of  its  length  as 
itie  DOW  made  for  7'  6"  of  ita  length.  This  addition  of  3'  0"  in  length 
<f  the  extra  thickness  required  would  add  7  tons  to  tho  weight  of  tho 

CD,  hat  the  extra  thickness  must  not  stop  here,  becaoee  the  portion 
advance  of  the  front  charge  of  the  two  must  be  as  strong  as  that  in 
ee  ot  the  charge  when  in  its  prop«r  place.  Therefbn  the  gun 
be  inoteased  in  dimension  for  tho  whole  of  its  leaglh  fiMrvard. 
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In  fact  it  mnBt  bo  macle  as  Bhown  iu  Diagram  (18^.  This  wonld  h 
the  result  of  adding  12  tons  to  the  weight  of  tne  gan,  or  in  ofl 
words  to  provide  against  an  extremely  remote  probability — a  prol 
bility  which,  small  as  it  is,  can  be  diminished,  as  the  Commit 
pointed  ont,  by  a  simple  appliance,  until  the  probability  comes  toj 
verge  of  an  impossibility — it  is  suggested  that  the  38-ton  gun  sfad 
be  made  into  a  50-ton  gun,  while  only  retaining  the  efficiency^ 
38-tnn  gun. 

These  oouHiderations  have  I  trust  convinced  yon  of  the  praoti 
impossibility  of  attempting  to  make  a  38-ton  gnn  fit  to  carry  I 
charges  placed  in  the  position  wliich  tlioy  would  occupy  when* 
gim  is  donblc-loadcd,  even  assuming  that  the  forward  charge  in  ti 
position  exploded  with  no  more  offe<;t  than  it  would  have  produced 
placed  at  the  base  of  the  barrel,  and  firod  in  the  ordinary  manner.  I 
everything  points  to  the  conclusion  that  t!io  forward  one  of  the  t 
charges  when  tired  explodes  with  a  violence  far  iu  excess  of  anythi 
that  would  result  from  its  being  fired  as  a  Hinglc  cluu-go. 

Assnining,  as  is  most  probable,  that  the  ignition  takes  place  fr 
the  flash  of  the  hinder  charge,  and  from  that  alone,  this  flash  woi 
oortaiuly  proceed  along  every  one  of  the  rifle  grooves,  so  that  in  B 
equal  spaccR  round  about  the  circumforonco  and  for  the  whole  len| 
of  the  cartridge  would  ignition  take  place,  instead  of  its  occurring 
one  point  only,  that  of  tho  firing  tube  of  the  ordinary  charge,  i 
farther  when  the  powder  was  thus  fired  it  would  bo  highly  comprea 
by  tho  forward  movement  of  tho  hinder  projectile. 

The  specific  gravity  of  gunpowder  without  any  air  space  whate^ 
may  bo  taken  at  IJ  times  that  of  water,  or  IB  cubic  inches  to  the 
The  space  allowed  for  its  conibustioa  is  30  inches  to  tho  lb.,  but 
tho  time  tho  cartridges  aro  rammed  homo  this  is  perhaps  contract 
to  273  inches,  or  iu  other  words  the  space  then  allowed  for  a  giv 
weight  of  powder  is  thus  just  equal  to  that  which  would  be  reqnii 
to  contain  an  equal  weight  of  water. 

Captain  Noble  on  one  occasion  exploded  in  n  close  vessel,  powd 
when  tho  space  it  occupied  was  such  as  to  ropror-cnt  tho  density 
1 1  times  that  of  water.  The  result  was  the  raising  of  tho  pressure  fn 
43  tons,  which  such  powder  had  when  fired  in  a  close  vessel  giving 
space  of  30  inches  per  lb.,  to  59  tons,  so  that  tho  diminution  of  8]mi 
from  that  which  occurs  with  the  gravity  of  •  925  to  that  which  occb 
with  the  gravity  of  1'2  was  sufficient  to  make  an  increase  in  pressn 
of  37  per  cent. 

But  oue  knows  that  tho  front  charge  of  powder  when  acted  np< 
by  the  rear  shot  urged  forward  by  a  prcssnro  of  some  2500  tons  wou 
be  BO  driven  together  as  to  obliterate  practically  all  air  space,  ai 
thus  to  bring  tho  powder  up  to  its  full  specific  gravity  of  1|  tim 
that  of  water.  The  result  of  an  explosion  from  powder  thus  cor 
pressed  I  do  not  protend  to  ofTor  you  in  tons,  but  looking  at  wh 
happened  from  the  firing  of  powder  of  1^  times  the  density  of  watc 
it  is  clear  the   prosfioro  must  bo  onormoas.     In  a  small  gun  tl 
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praesure  would  bo  much  reduced.  Let  us  imagine  the  cartridge  to 
be  nuide  np  of  a  number  of  parallel  cylinders  of  powder,  each  cylinder 
beiiig  1  inch  in  diameter,  and  of  the  whole  length  of  the  cartridge, 
%ad  asenme  that  the  projectile  is,  in  length,  gay  2.^  times  the  diameter 
of  the  bore  of  the  gun.  Then,  in  a  G-inc-h  gun,  the  projectile  would 
be  15  inches  long,  and  each  of  the  imaginary  cylinders  of  powder  of 
L  inch  diameter  would  find  the  expansion  of  the  gases  arising  from  its 
Dombostion  opposed  by  the  inertia  of  a  cylinder  of  iron  1  inch 
liameter  by  15  inches  long.  But  if  the  gun  were  12  inches  diameter 
of  bore  and  the  shot  2^  diameters  in  length,  theu  each  cylinder  of 
powder  of  1  iuch  diameter  would  find  the  expansion  of  the  gases 
viaing  from  its  combustion  opposed  by  the  inertia  of  a  cylinder  of 
iron  of  30  incites  long.  This  circumstance  should  be  homo  in  mind 
when  considering  the  results  arising  from  coaes  of  double-loading 
vhich  have  from  time  to  time  occun-ed  in  comparatively  small 
iMinon. 

r  Farther,  as  pointed  out  by  Mr.  Osborne  Reynolds,  now  nearly  a 
■MX  ago,  it  is  not  impossible  tliat  the  fruut  charge  may  have  been 
Ignited  by  the  rise  in  temperature  citused  by  the  conversion  of  a 
portion  of  the  energy  in  the  rear  projectile,  into  heiit.  It  is  by  no 
^■M  difficult  to  ignite  gunpowder  in  this  way. 

^^^^  bursting  charge  of  a  Pallisor  shell,  for  instance,  consists  of 
powder  without  any  fuse  or  detonating  composition  to  ignite  it ;  but 
bj  the  striking  against  an  armour  plate  the  velocity  of  the  shell  is  so 

rially  reduced,  that  the  powder  contained  within  it  continuing 
forward,  strikes  the  front  end  of  the  shell,  and  by  this  mere 
geneiatos  sufBoieDt  heat  to  ignite  itself, 
,ve  here  an  apparatus  similar  to  one  used  by  Professor  Abel 
many  years  ago  to  investigate  this  question.  Professor  Abel,  I  am 
glad  to  say,  is  present  with  us  and  will  exhibit  it  to  you.  It  consists 
Bxnply  of  a  falling  weight,  the  effect  of  which  is  received  upon  a  small 
braea  plate  lying  npon  a  thickness  of  one-twentieth  of  an  inch  of 
powder,  having  an  area  of  about  ono-fiflh  of  a  square  inch ;  tho 
•reight  is  50  Ibis.,  and  by  falling  from  a  height  of  12  feet  it  explodes 
the  powder. 

I  may  mention  that  a  gunpowder  pile-driving  engine  has  been 
faed.  I  have  not  seen  it  in  operation,  but  according  to  what  I  havo 
read  of  it,  a  charge  of  powder  being  placed  in  a  cavity  in  an  iron  cap 
on  the  pile  and  being  struck  by  the  falling  monkey,  is  thereby  ex- 
ploded, driving  the  pUo  downwards  and  the  monkey  upwards ;  and 
ihan  ft  fresh  charge  being  inserted  befuro  the  monkey  has  time  to 
iMoeod,  ia  in  its  turn  explo<le<l ;  and  in  this  way  the  pile  is  driven. 
E  Aa  jron  sec,  explosion  can  bo  obtained  by  tho  mere  effect  of  a  small 
UHug  weight,  and  it  does  not  seem  impmlMible,  louking  at  the  im- 
iMMe  energy  in  tho  rear  of  the  front  charge  of  powder,  that  enough 
bael  aav  be  generated  to  raise  that  i><>wdor  to  the  point  of  combus- 
eitLer  just  in  the  rear  of  tho  cartridge,  causing  a  local  raisbg  of 

tomperatura  and  tho  ignition  of  tho  powder  at  this  part,  or  wliat 
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would  be  the  most  (lostrnctivo  of  all,  produciDg  tbrongboBt 
d  riao  (if  tcmpcraturo  to  tho  inflaming  point,  and  tbuB  c 
dctonntion  under  the  following  circumstancos : — Powder  oo 
to  its  fullest  Bpocifio  gravitr,  powder  heated  up  all  throag 
point  of  explosion,  and  powder  ignited  at  every  portion  of  it 
tho  Bame  moment. 

With  respect  to  the  heating,  I  find  I  have  not  called  jonr 
to  the  importance — the  twofold  importance — of  this.  The 
in  which  it  is  important  is,  that  heating  renders  the  chemical 
which  occur  when  the  powder  is  inflamed  more  rapid,  and 
causes  the  explosion  to  be  more  violent  than  it  would  b 
temperature  were  not  raised,  Tho  second  way  in  w' 
heating  up  is  important  is  owing  to  the  fact,  that,  whei 
explodes,  the  cfiect  of  tho  explosion  is  due,  not  alone  tc 
pansion  which  arises  from  the  conversion  of  the  solid  in 
but  very  largely  to  the  further  expansion  which  arises  J 
heating  up  of  the  gas  produced.  Anything  tboreforo  which 
heat  from  tho  products  of  tho  explosion,  diminishes  the  ezp 
the  gas,  and  thoroby  diminishes  the  offoot  produced.  Now, 
tho  inflaming  point  of  gunpowder  to  be  about  660  d^ 
Bsaiiming  it  to  bo  of  tho  temiicratore  of  tho  atmosphere 
60  degrees,  tbo  whole  weight  of  gunpowder  has  to  bo  he 
degrees  bcforo  it  attains  the  point  of  combastion,  and  thi 
abstracted  from  that  which  would  otherwise  go  to  augment 
of  the  gOBOB,  I  am  not  speaking  now  of  tho  heat  requisite  t 
the  solid  into  a  gas,  for  that  muBt  bo  expended  in  any  eve 
am  speaking  of  tho  beat  needful  to  raise  the  solid  from  the 
temperature  of  tho  air  to  tho  temperature  of  ignition. 

Wo  have  again  to  thank  Professor  Abel  for  an  expcrimt 
will  show  you  tbo  effect  on  tho  burning  of  powder  of  t 
abstraction  of  boat. 

There  are  here  two  similar  pieces  of  pebble  powder, 
been  cooled  down  to  freezing,  the  other  bos  been  heated  up 
350°.     Ou  firing  them  you  will  sco  that  while  tho  first  bum 
tho  second  barns  more  rapidly. 

Another  mode  of  showing  tbo  effect  ariBiug  from  tho  nl 
of  heat  was  devised  by  ProfosBor  Abel  many  years  ago. 
hero  an  exhausted  receiver,  containing  powder  at  tbo  ordii 
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id,  the  aooomalation  of  the  gas  in  the  rcceivor  or  the  admission 
'  has  deetrojed  tho  vacunm,  and  then  the  expansion  not  being  so 
and  the  absorption  of  the  heat  being  correspondingly  less,  the 
'  explodes. 

I  tmst  that  the  public,  and  above  all  tho  officers  and  men  who  are 
to  work  guns  such  as  these  on  board  the  '  Thunderer,'  are  now 
thoroughly  convinced  that  these  guns  are  safe,  when  properly  used, 
and  are  only  unsafe  when,  by  almost  a  miracle  of  ill  luck,  they  are 
dooble-looded.  And  looking  at  tho  large  number  of  guns  of  this 
design  of  large  weights  and  calibres  which  are  provided  for  our 
turet  ships  and  our  fortifications,  it  is  in  the  highest  degree  noees- 
■ary  that  the  absolute  safety  of  these  gnns  should  be  thoroughly 
established.  They  have  cost  much  money,  they  have  involved  a  large 
expenditure  of  time,  and  they  are  the  guns  on  which,  at  the  present 
moment  at  all  events,  the  country  has  to  rely  for  its  safety  in  tho 
event  of  war. 

But  it  may  well  be,  looking  at  the  fact  of  tho  increase  in  tho 
length  of  guns  which  is  taking  place,  owing  to  the  differeuco  in  the 
natore  of  the  powder  used,  that  mnzzle  loa<Iing  will  cease  to  be 
practicable  with  guns  of  the  largest  dimensions,  and  that  breech 
loading  will  be  employed.  If  this  be  bo,  then  all  danger  of  a  double 
charge  is  done  away  wivh. 

There  arc,  of  course,  many  attendant  difficulties,  and  care  will 
have  to  be  exercised  as  well  with  a  breech-loader,  as  with  a  muzzle- 
losrder,  and  in  fact  oiiw  can  conceive,  that  it  will  require  some  practice, 
or  some  special  provision,  before  those  who  load  breech-loading  guns 
eao  be  taught  to  b<^'Ieve,  that  tho  shot  has  to  be  put  into  tho  gun 
point  foremost,  and  Ihat  it  has  to  precede  the  powder,  and  not  to 
ibUow  it.  But  this  question  of  breech-loaders  is  one  upon  which  I 
amst  not  fiother  enter ;  at  all  events,  not  this  evening. 

It  only  remains  for  me  to  thank  the  authorities  for  their  kindnw 
in  allowing  the  specimens  from  the  broken  gun  to  be  exhibited  hen 
to-ai^l,  and  to  thank  you  for  tho  attention  with  which  too  have 
liilaBed  to  that  which  is,  of  necessity,  to  a  very  cousidorabu  extaat, 
a  tw>o»-told  tale. 

[F.  J.  B.] 


The  folluwing  Lottor  was  read : — 

M  g,_  "  BrOKTHOHAM   P ALACB,  J 

"Hia  Roynl  Highness  Pbisioe  LioroLD  bogs  you  will 
Mcinbcn  or  the  Royal  Iiutitution  liis  acDso  of  tho  honour  they  hi 
t'lccticg  him  a  Member.    Fnitbrully  youn, 

"  B.  H.  COL 
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Forsfcor  Fitz-GernlJ  Arbuthuot,  Esq. 

Riclinrd  Claude  Bolt,  Esi]. 

Sholford  Bidwoll,  Esq.  M.A.  LL.B. 

James  Crichtoii-Briiwnc,  E8*|.  M.D.  LL.D.  F.IC. 

Henry  G.  Buubiiry.  Ewj. 

Miss  iBabella  Clerk, 

Vieat  Colo,  Egq.  A.R.A. 

Alfred  Kiugsford  Coles,  Esq. 

Frederick  Thomas  Jonniugs,  Esq. 

Alfred  LlOTd,  Esq.  B.A.  F  R.O.S. 

William  Mausell  MucCvdloch,  Eaj.  M.D. 

Misa  LouiBQ  Millar, 

Miss  Isabella  Milne, 

Major  H.  C.  Roberta, 

Isaac  Seligman,  Esq, 

Mrs,  Isaac  Seligman, 

wore  elected  Members  of  the  Royal  Institution. 

The  following  Arrangementa  for  the  Lectures  after 
announced : — 

Pbokessor  Uuxlet,  LL.D.  F.B.S. — Two  Letturca  on  Doos,  ak; 
coMMEcnii)  WITH  them;  ou  Tueadiiys,  April  6,  13. 
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Javk  SrLLT,  E(q.— Tbree  Lectures  on  Abt  axd  Viook;   On  B«tiud»y8t 
April  10,  17.  24. 

FaoFiHOB    Hekbt  Morlst.— Five    Lectures   on   the  Dramatutb  betobs 

SHABMnUUUb   FBOM  THB  OrIQIN  OF  TUB   ENGLISH   DrAMA  TO  TUB  YeAB  Or  TUB 

Dbats or  I1abu>wb  (1393):  on  Saturdays,  May  8  to  June  5. 

Tbe  Special  Thanks  of  the  Members  wero  returned  to  Mr.  Fbkd- 
KUcx  B.  Gabnett  for  his  present  of  a  Portrait  of  Dr.  Tbomas 
SAKjtn-r,  the  first  Professor  of  Natural  Philosophy  and  Chemistry  in 
•he  Boyol  Institution  (1799-1801). 

The  PaxsBMTS  received  since  the  last  Meeting  were  laid  on  the 
'^Ikle,  and  the  thanks  of  the  Members  returned  fur  the  same,  viz. : — 

'^'m  LtrH$  of  the  AdmimUy — Greenwich  ObBcrTOtions  for  1877.     4to.     1879. 

C^kccof  Good  Hope  Astronomical  Obscrviitinns  for  1876.     8vo.     1879. 
'^■^tiUt  MutMm  rnwteen— Foc-SimUcs  of  Ancient  Cliurten,  Part  lY.    fuL     1878. 

^■^^maiaaia  dm  Linrei,  Beaie,  Soma— Atti,  Serie  Tcna  :  Transunti :    Tome  IV. 

.^^    AmlS.    4tn.    1879.  _ 

"  Willi  I.  Prof  far  W.   O.   U.A.  F.R^.   ilht  ilu/Aor)-Mc.isuring    Poljiriscopoe. 

(Tliil.  iliig.  Oct.  1879.) 

^K^rrian  Lecture.    (K.  8.  Prooeedings,  1875.) 

•^ctioo  of  Light  on  Selenium.    (Phil.  Tmns.  Vol.  OI.XVIL)    187ti. 

Socirfyo/— ProtetxlinRs,  Pootiiid  Serie*,  Vol.  VIII.  No.  1.   8vo.    1880. 

I  Society,  BoyiW— Jionthly  Noticca,  Vol.  XI.u  No.  3.     8vo.     1880. 

Pnfmor  B  S.  LL.D.  F.H.S.  (fAo  .iu/Aor)— Thirteen  lliilhematicil  Poiwrs. 

Mo  and  8to.    18«>9-78. 

JrcitUecis,  Buyal  IndituU  o/— 1K79-80:   Procevdingg,   No.   9.     Tnuia- 

■otions.    No.  4,  5.    4to. 

fibcMy— Journal  for  Feb.  18.S0.     8vo. 

■American  Joamol  of  Scieuoo  for  Feb.  1880.    8ro. 

-AaBljnl  for  Feb.  1880.    8vo. 

luni  fnr  K.'h.  1880.    4»o. 

Xewj  for  Feb.  1880.    4to. 

^         far  Feb.  1880.    fol. 

Banlogieal  Jonmal  for  Fob.  1880.    8ro. 

]«aa  ftir  Feb.  1880.    4to. 

JMHial  tar  Applied  Science  for  Feb.  1880.    ful. 

Xatm  far  Feb.  1880.    4to. 

Ttlignipliie  Journal  for  Feb.  18S0.    8vo. 

>'»—thait,  Simrd,  £*/.    rh.D.   D.C.L.   F.R.S.   MM. I.  (Iht    ^i./*or)— Water 

Aaalyaia  for  Siuiitaiy  Purpoiea,  with  Hints  for  tbe  lulertirctalion  of  Ibu 

BooW    I6to.    1880. 

"-[iiVh  lH$liMt     Juoroal,  No.  650.     8vo.     1879. 

Qimm  I  SoeUti  tie  Phpiqut—tleTooina.    Tome  XXVL  Parlie  2.    4to.    1879. 

riMiM>(ntaiie<i^.A>»af— Proceedings,  New  Serica.  Vol.  U.  No.  2.  Sro.    1880. 
»:»:^-,i  ^--.^^  Vj— -.-.    . 1  \r-  ...     g,„     ,g^ 

Bmm§i,  OittHet,  Btj.  M.R.I.  (.the  Tratulator) — Journey  in  thi<  CanroiU*,  PWifai, 
•M  Turkey  in  Axia.  By  Lieut  Damn  Mm  vou  Tliielmnnii.  2  volt. 
ISmo.     1875.    (Another  copy,  presented  by  Mr.  Slurray,  the  l'ulili*ber.) 

UwrpBfll  f oiftwAafa  &>eiWy — Journal,  various  Nos.     8ro.     1879-tjO. 

fmrfnn  QorporoMoa — Oatalogno  of  Librury  :  15th  Suiiplcmout.     8vo.     1879. 

Jbw*a*r  a«oU)gieal  Soeitlf—Tnnm'  lif'n».  Vol.  XV.  Piirts  10,  II,     8ti>,     1879. 

rndtriek  C.  Etq.   U.H.I,  (the  Aulhort—Urm  Mn|>  of  the  lUilwity 

0|aUa  of  England  and  Scutbind.     1  Jan.  18^.    (Uii  li<al«r.) 
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O.  K.  {fh»  ilMOor)— BoMfai  ud  EngUnd  from  1876  to  1880,  with  •  Vj4 

J.  A.  Fronde.    8Ta    1880. 

t  SoBUlf    Journal.  Feb.  1880.    Sra 
eoeUtt    Jounal.  New  Seriea,  Vol.  IV.  No.  4.    8to.    1880. 
iltyf eat ISocfaly  o/  Io«do»— Proo«eding».  Vol.  III.  Part  3.    8to.    188tL 
FtmrnttA*  Akadmtli  dtr  ir>iMMekq/t«— MonaUbericbte :  Not.  1879.   8l 
A>|«U  BeeUtf  of  LoMlon— Praoeedingi,  No.  200.    8ro.    1880. 
Bofot  Boetttt  of  St»  &«tt   Waiti  —  Jonmftl  of  Proceedings,  VoL  XIL 

1879. 
8mim,  B.  EiU,  Eiq.  MM  {tke  Author)— In  the  Bcgmning :  Banarki  od  0 

Hodera  Views  of  Creation.     Sod  Edition.     Itito.     1880. 
fidUj/er,  E.  A.  Stq.  ((A«  .iii^Aor)— Some  Teocbinga  of  Development    (| 

Sro.    1880. 
BoeSttf  ofArtt—SoarDBl  for  Feb.  1880.    8to. 
Bjain,  Frter,  Kni.  /■'.L-.s'.  H.H  I.  {On  Author) — Companion  to  the  Lateet  B 

of  the  liritisL  Pliarmacopoeia.     12th  Ed i linn.    8vo.     1880. 
81,  Peterrixmrn,  AemUmit  dt»  Scivnow— UuUctius,  Tome  XXVL  No*.  12,  t 

Tome  XXVU.  No.  1.    4to.    1879. 
Sfmimt,  O.  y.— Monthly  Ueteoroloeical  Munzinc,  Fob.  1880.    8Ta 
ifnttod  StirviM /fM(t(«Uo)t,  BoycO— Journal,  No.  103.    8to.     1870. 
Vmln  tur  IMtrdtnmg  do*  Qiwtrb/tii$t$  m  Prewum  —  VerhaDdlongon,  l 

Hen  2. 
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WEEKLY  EVENING  MEETING, 

Friday.  March  5,  1880. 

GMBai  Bdsk,  Esq.  FJl.S.  Treoeuror  and  Yico-Presidont, 
in  the  Chair. 

H.  N.  Mo8Bi.1T,  Esq.  M.A.  F.B.S. 

Deqp-Sea  Dredging  and  Life  in  the  Deep  Sea. 

(Tbit  lector*  hw  been  pabllsbod  In  fall  En  '  NtCon.') 

**m  some  acconnt  of  the  physical  conditions  under  which  life 

5^!nr8  in  the  deep  sea,  the  lecturer  described  the  improved  apparatus 

j5^^  deop-ec«  dredging,  which  has  been  iutroduced  Binoo  the  'Challenger' 

j^*Xpedition  by  Mr.  Alexander  Agassiz.     A  ateel  wire  rope  with  a 

^^•p  core  only  l^'j  inch  in  circumference  is  nsod.     Throe  or  four 

^^ida  can  bo  made  with  it  in  a  day  in  depths  in  which  only  ono 

'iuld  be  made  by  the '  Challenger.'    A  reversible  trawl  is  used  in  the 

^l«c«  of  the  old  net,  which  was  useless  if  it  fell  on  its  bock  on  tho 

All  animal  and  plant  life  originated  in  tho  sea  in  shallow  water, 

***<i  spread  thence  on  to  the  land  and  into  tho  depths.     Only  ono 

^l«at  cxista  in  tho  depths,  a  parasitic  fungus  which  infests  corals. 

_y^jbe  absence  of  sunlight  excludes  others.    Many  genera  of  all  groups 

*>>f  Mrnn^U  and  oven  not  a  few  species  range  from  the  shores  down  to 

^%r7  gre*t  depths.     Ono  species  of  coral  ranges  from  30  to  2900 

^tboms.    There  are,  however,  certain  well-marked  dcop-soa  forma 

^hich  are   not  now  met  with   in  shallow  water,  unless  in   Polar 

t«giona. 

There  being  scarooly  any  difibrenoe  in  the  physical  conditions  of 
life  from  a  depth  of  500  fathoms  downwards,  the  deep-sea  fauna 
tihibits  no  zones  of  distribution  in  depth.  Its  upper  limit  varies 
tnoch  in  position,  approaching  shallow  water  in  tho  higher  latitudes, 
Wt  even  in  some  places  in  the  tropics  coming  within  300  or  possibly 
loo  Cklhomfl  of  the  snrfoce.  It  is  impossible  to  recognise  a  goo- 
kgieal  depodt  as  having  been  formed  in  the  deep  sea,  from  tho 
•itare  of  ita  fossil  contents. 

The  deop-sea  fftuna  is  world-wide  in  its  distribntion,  there  being 
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no  barriors  to  hinder  migration.  Mr.  Agossiz  Las  dredged  off  tb 
West  Indies  and  the  east  coast  of  North  America  nearly  all  tb 
types  obtained  \>j  the  '  Challenger'  all  over  the  world. 

It  is  probably  as  correct  to  say  tliat  deep-sea  animals  bar 
colonized  the  shallower  waters  of  the  Polar  regions  as  to  say  tin 
Arctic  animals  have  occupied  the  deep  sea  elsewhere. 

There  scorns  to  be  a  close  relation  between  the  pelagic  fanna  aa 
deep-sea  fauna.  There  are  surface-swimming  rcprcscutatives  of  moe 
deep-sea  forms.  Rhizopoda  both  with  calcareous  and  arenaceous  test 
live  abundantly  in  the  deep  sea,  and  Mr.  Ilenry  Brady  concludes  tha 
the  Globigerina  mud  is  formed  by  animals  living  at  the  bottom,  th 
pelagic  representatives  of  these  bearing  but  a  small  proportion  to  th 
main  mass. 

The  most  important  question  now  remaining  to  bo  solved  witi 
regard  to  deep-sea  life  is  the  range  of  life  at  the  various  depth 
between  the  surface  and  the  bottom  uf  the  ocean.  At  present  nothin( 
is  known  with  regard  to  this  matter.  Fossibly  there  is  a  wide  zoni 
between  the  snifaoo  and  bottom  devoid  of  life.  The  lecturer  describet 
a  net  which  be  had  deviucd,  by  which  this  question  could  ha  deter 
mined.  By  means  of  an  electrical  armngemout  its  mouth  can  b« 
opened  and  closed  at  will  at  any  depth.  Mr.  Agassiz  intends  to  mak« 
use  of  it  or  some  similar  appliance.  Some  deep-sea  animals  poesibl] 
pass  their  oarly  stages  of  existence  at  the  sea  surface. 

The  deep-sea  basins  being  very  probably  of  the  remotest  geo- 
logical antiquity,  it  is  remarkable  that  scarcely  any  aucicut  auimali 
occur  amongst  the  deep-sea  fauna.  Almost  all  the  most  ancicut  formt 
known  are  from  comparatively  Bhu.n()w  water ;  for  example,  Heliopora, 
Limulus,  Lingulu,  Trigonia,  Nautilus,  Amphiosus,  lampreys,  ganoids, 
and  Cestracion.  The  deep-sea  fish  aro  of  luodcru  origin,  allies  of  the 
cod,  salmon,  and  angler.  Scarcely  a  single  animal  of  first-rate  2oo< 
logit^  importance  has  bocu  found  iu  the  deep  sea. 

The  deep  sea  was  probably  luiinhiibi table  in  oarly  geological  times, 
being  highly  charged  with  suits  and  gases  in  Bulution  and  mud  in 
gusponsion,  the  results  of  its  primitive  superheated  condition. 

The  deep-sea  animals  must  depend  for  sight  entirely  on  the 
phosphorescent  light  of  themselves  or  others.  The  sense  of  touch  is 
probably  mainly  relied  on  by  them.  Investigations  on  their  organs 
of  hearing  might  give  valuable  results.  None  have  as  yet  been  made. 
The  deep-sea  animals  aro  more  abundant  towards  the  upper  limit 
of  their  range ;  the  ultimate  source  of  their  food  is  the  sea  surface,  or 
derived  from  the  land  and  shore.  Their  food  is  probably  always  most 
abundant  near  coasts. 

Some  animals  are  dwarfed,  others  enlarged  by  deep-sea  conditions 
of  life,     A  Pycnogouid  wos  obtained  measuring  two  feet  iu  length. 

The  usual  pai'asites  have  accompanied  theii-  hosts  into  deep 
waters. 

Some  deep-sea  animals  are  brilliantly  coloured,  having  retained 
colours  which  were  eifoctivo  in  shallow-water  ancestors;  but  colours 
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ftro  often  useless  to  tho  animals  poeseesing  them  as  ench,  and  may  bo 
mensljr  accidental  propcrtios  of  chemical  compounds  roqnired  for 
other  physiological  porposos.  A  large  bottle  full  of  a  solution  of  the 
bright  rod  colouring  matter  of  a  deop-soa  Fentacrinus  was  exhibited 
to  the  andiencc,  and  the  light  was  also  thrown  on  the  screen  through 
cells  containing  the  solution.  It  is  green  when  alkaline,  red  when 
•etd,  and  yields  well-marked  absorption-banda  in  the  spectrum,  which 
were  shown  upon  the  screen.  Other  colouring  matters  of  deep-sea 
tirimaiR  yield  well-defined  absorption  spectra,  and  are  hence  easily 
identified.  In  several  instances  the  lecturer  has  proved  them  to  bo 
idntical  with  those  of  allied  shallow-water  or  pelagic  forms. 

The   lecture  was  illustrated   by  numerous  photographic  figures 
thrown  upon  tho  screen. 

[H.  N.  M.] 
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SySNINO  MEETING, 

Fridaj.  Munh  13,  1880. 

Tit  D«n  w  Nommnwuxp,  D.OX.  LL.D.  Lord  Privy 
Plwidwt,  in  the  Cbair. 

OL  ir^UJUv  SiKMKNS,  Esq.  D.C.L.  LL.D.  F.R.S.  M.R.I. 

f%»  Jywt  tht&ie  Cmrrtrnt  and  $ome  of  ila  Applications. 

(Abstntct) 

Tm  l«ottUttr  niwinnfl  with  »  r«feronco  to  Fanultvy's  great  dis- 
poTory  of  Um  aMOMlo-elootrio  or  induc<xl  current,  which  was  first 
•howu  lv>  th*  ■Mmwni  of  the  Royal  Institution  in  1831.  So  slight 
loul  JMlantenwKM  «m  the  carront,  that  althongh  Faraday  hod  from 
it  friim  Nuoaing  MTtTed  as  oarly  as  1824  at  the  concluBion  that  each 
A  MtNDl  wort  bo  sot  up  in  a  coil  surrounding  an  annataro,  when  the 
iMtor  WM  fbnihly  aeTertvl  fri.>m  a  pemumont  magnot,  soven  years 
dMpod  bi>for«  ho  could  dotect  that  current  with  the  instruments  then 
M  hia  eobuuaud. 

It  wiu  further  shown  that  althongh  each  induced  current  was  fecblo 
and  Old y  iustnntauotuis  in  its  action,  it  differcil  from  a  galvanic  current 
ill  llto  im|H<rt4Uit  {larticular  that  it  was  the  immediate  outcome  of  the 
cxiH'iiditiiw  of  nitx-hauieal  force,  and  that  by  repeating  the  operation  of 
Ml  \  I  r:uu't'  )>y  suitable  mechanical  arrangements  a  rapid  succession  and 
ou  u^rv'gatimi  of  those  currents  could  be  directed  through  a  metallic 
eondiMlor,  and  produce  in  it  all  the  phenomena  of  a  continuous  current 
of  tnvmi  iiiaguitude.  The  single  curront  revealed  by  Faraday's  original 
<  it  might  bo  likenod  to  the  single  drop  of  rain,  which,  though 

iiii|M>it«Hait  by  itself  was,  when  repeated  often  enough  in  its  fall  upon 
An  elevated  plateau,  capable  of  giving  rise  to  atroamlets  and  Btreams, 
nntil  at  last  a  mighty  river  and  a  source  of  power,  such  as  the  Falls 
of  Niagara,  might  be  produced.  It  was  shown  by  experiment  that  the 
single  current  resulting  from  the  forcible  severance  of  on  armature 
from  its  magnet  was  capable,  if  directed  through  the  coils  of  another 
armature  in  contact  with  its  own  magnet,  of  effecting  its  severance 
from  the  some ;  and  that  the  force  cipendcd  bore  a  definite  relation 
to  the  force  obtained  in  moving  the  second  armature.  In  viewing 
this  experiment  by  the  light  of  advanced  science  it  followed  that  in 
this  way  the  conversion  of  mechanical  force  into  electric  current,  and 


i 


1880.]         on  ApplietUions  of  the  Dynamo-Eleetric  Current.  335 

from  electric  current  back  into  mecLauicol  force,  was  clearly  demon- 
strated. 

The  utilization  of  the  indaced  current  had,  however,  been  a  work 
of  mnch  time  and  thought  on  the  part  of  those  who  followed  in  the 
wake  of  the  great  discoverer.  One  of  the  first  attempts  to  utilize  tho 
magneto-electric  current  in  telegraphy  was  made  by  Whcatstono  iu 
1844,  when  he  brought  oat  his  magneto-eloctrio  step-by-atop  instra- 
nent.  But,  notwithstanding  the  great  ingenuity  displayed  in  tho 
aime,  the  current  induced  was  found  practically  insufficient  to  move 
the  receiving  instrument  with  a  sufficient  degree  of  certainty. 

An  important  step  towards  aggregating  magneto-eloctrio  currents 
WM  made  by  Dr.  Werner  Siemens  in  1856,  who  constructed  an  arma- 
tare  resembling  in  section  a  double-headed  rail,  or  double  X ,  into  tho 
hollow  of  which  tho  insulated  wire  was  wound  longitudinally.  In 
mounting  this  armature  upon  bearings,  and  giving  it  a  rapid  rotation 
hetween  the  poles  of  a  series  of  permanent  magnets,  an  accumulative 
afieci  waa  produced  through  the  simultaneous  action  of  each  perma- 
nent magnet  in  setting  up  a  current  in  one  and  the  same  coil ;  thus  a 
WBBBoaioa  of  currents  was  set  up,  which,  when  directed  by  means  of 
a  ODfmnntator  into  an  outer  metallic  circuit,  was  capable  of  producing 
a  ocntinnous  current  of  considerable  power.  A  magneto-electrio 
itep-by-«tep  instrument  constructed  on  this  principle  was  shown  in 
operation,  and  also  a  more  powerful  arrangement  of  the  same  deecrip- 
tioa  for  exploding  mines,  and  for  igniting  platinum  wire.  It  was 
■lao  shown  that  in  turning  the  handle  of  such  a  machine,  and  con- 
«fM"g  its  leading  wires  to  another  similar  machine,  motion  was  set 
Hf  in  the  latter,  and  sufficient  force  was  obtained  to  work  a  ventilator 
sith  ooDsiderable  effect. 

The  magneto-electric  machines  of  Holmes  and  Wilde  were  next 

red  in  review,  which  it  was  shown  marked  a  fnrthor  step  towards 
■tteinment  of  powerful  effecta  by  tho  accumulation  of  magneto 
coRents  when  steam  power  was  employed  for  their  production. 

The  djnamo-electrio  principle  attributable  to  Werner  Siemens 
ud  Wheatstone  was  next  adverted  to,  and  the  first  machine  con- 
<iiuted  on  this  principle  by  the  lecturer,  and  brought  by  him  boforo 
tte  Boyal  Society  in  1867,  was  shown  in  operation.  This  machine 
diSwed  from  magneto-electric  arrangements  in  the  substitution  of 
■magnets  for  permanent  or  steel  magnets,  which  electro- 
were  excited  by  the  current  produced  by  the  rotation  of 
heliz  or  armature  of  the  machine  itself.  The  advantage  of  the 
consisted  in  the  accumulative  action  it  evolved,  giving  rise  to 
I  of  considerable  magnitude  which  were  strictly  proportionate 
lo  the  merhaniral  power  expended. 

The  adaptations  of  this  accumulative  principle  by  Professor 
FadaoUi,  hjr  Gramme,  by  von  Hcftnor-Alteneck,  and  others,  were 
•Uaded  to,  leading  np  to  a  recent  modification  of  the  dynamo-electric 
■mUds  hgr  the  lecturer,  by  which  a  further  increase  in  the  i 
sf  enmit  and  improved  steadiness  of  action  could  be  reftUaed. 
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form  of  Uio  mackiac   was   not  matcrinlly    altorod   by  this  chaog 
which  consisted  in  so  arranging  the  wire  on  the  rotating  helix  anda 
tho  exciting  electro-magnets,  that  the  maximum  cnrrcnt  produced  f 
the  power  expended  was  attained  when  tho  outer  rosistaxtoe  was  i 
OS  was  ttsnally  required. 

Amongst  the  applications  of  the  dynamo-electric  current,  1 
lecturer  wowed  in  the  first  place  that  of  the  transmission  of  po« 
illustrating  this  portion  of  his  subject  by  working  a  circular 
receiving  its  motion  from  a  dynamo-oloctric  machine  (construe 
according  to  tho  modified  plan  alluded  to)  placed  in  tho  boseme 
of  the  Hoyal  Institution  and  receiving  motive  power  in  its  turn  &oi 
•  gas  engine.  It  was  shown  that  by  such  sn  arrangement  60  pe 
oont  of  tho  engine  power  expended  could  be  utilized  at  onotiie 
place,  and  that  thus  natural  sources  of  power,  such  as  waterfaUi 
might  be  made  available  for  supplying  motive  power  at  distances  evei 
of  twenty  or  thirty  miles ;  or  power  might  bo  transmitted  to  tli 
depths  of  mines  and  collieries  by  tho  establishment  of  a  stout  leading 
wire  oonnoctod  with  an  eloctro-motor  on  tho  bank. 

The  lecturer  next  described  a,  novel  application  of  the  dynamo 
electric  current  for  the  propulsion  of  tramway  cars  npon  railways,  b; 
preference  npon  elevated  railways.  Dr.  Werner  Siemens  had  madi 
such  on  applicatiim  very  successfully  last  year  in  connection  with  I 
Berlin  Exhibition,  and  the  experiment  would  very  shortly  bo  repeatec 
at  tho  Crystal  Palace.  One  of  tho  carriages  composing  tho  train  wu 
fitted  with  an  ordinary  dynamo  machine,  and  another  similar  machiju 
was  worked  on  terra  firma  by  engine  power.  A  central  rail  or  con- 
ducting rope  was  introduced  for  the  conveyance  of  tho  current,  th« 
return  circuit  being  complotod  through  the  sido  rails,  and  the  pcrsoi 
in  charge  on  the  train  could  by  moving  a  handle  start  and  stop  th< 
train  as  required.  Tho  tractive  force  was  considerable,  and  increased 
with  the  rcsistanco,  amounting  in  ascending  an  incline  to  200  kdlo- 
gmmmos,  and  falling  to  70  or  80  kilogrammes  on  level  grounds 
Prom  thirty  to  forty  persons  were  conveyed  easily  at  a  speed  of  from 
ton  to  twelve  miles  an  hour. 

Dr.  Siemens  explained  that  whenever  a  ciurcnt  was  passed  through  a 
conductor,  a  loss  wtis  incurred  varying  as  the  square  of  tho  intensity  of 
tho  current  and  as  the  resistanco  oncoimtercd,  but  that  what  was  loss 
of  current  when  tho  object  was  tho  simple  transfer  of  electrical  energy 
might  bo  turned  iuto  a  gain  where  light  and  heat  were  to  be  produced. 
Platinum  and  iridium  were  notoriously  bod  conductors,  and  on  putting 
o  piece  of  wire  of  these  metals  into  a  circuit  they  become  hot  and 
luminous,  as  was  wcU  known.  It  would  readily  bo  conceived  that 
tho  greater  the  electrical  resistanco  in  any  ono  point  of  a  circuit  the 
greater  must  be  tho  luminosity  produced,  and  Sir  Hunipliry  Davy 
had  shown  as  far  back  as  1810.  beforo  the  Royal  Institution,  thi^ 
the  greatest  local  resistance,  and  the  liighcst  degree  of  heat  and 
luminosity,  could  bo  produced  in  the  electric  arc  between  two  carbon 
electrodes  placed  a  short  distance  apart. 
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The  electric  light  was   therefore  no  novelty;   bat  the  interest 

ftUaching  to  it  at  the  present  time  was  entirely  duo  to  the  compsra- 

titraly  cheap  rate  at  which  the  electric  current  could  bo  produced  by 

liir  eTpenditure  of  mechanical  energy  resulting  from  the  combnetion  of 

"!»«1,  whrrofts  fonuorly  zinc  ha<l  to  be  consumed  or  burnt  in  the  gal- 

iltcry.     Much  ingenuity  had  boon  displayed  of  late  in  devising 

-    lamps   and    electric  candles,  the   various  devices  proposed 

Unug  for  their  object  to  produce  a  steady  action.     These  might  be 

diridoil   into  two  classes — tlie  glow  lijhis,  and  the  regulators  of  the 

dertric   arc.      It  wos  shown    that  glow    lights  fiimishcd  the  most 

linple  solution  of  the    problem,  but  could  never   rival  the  arc  in 

Hooomy  of  result,  becaaso  the  intensity  of  the  latter  could  be  made 

to  tpproAch  that  of  solar  light,   whereas  glow  lights  were  limited 

io  intensity  to  the  fusing  or  dispersing  point  of  the  conductor  em- 

plojwl. 

It  had  been  proved  that  even  in  the  electric  arc  the  major  portion 
of  the  rays  emitted  were  heat  rays,  but  in  the  best  glow  light  pro- 
WMy  not  more  than  2  or  3  per  cent,  were  rays  of  high  luminosity, 
•11  the  rest  being  lost  as  regards  the  effect  to  be  producal.  It  was  also 
ihown  tbftt  greater  efficiency  could  be  obtained  from  a  powerful  arc 
An  from  divided  arcs,  and  thut  therefore  the  development  of  electric 
ii^ng  should  be  sought  in  the  direction  of  creating  powerful  centres 
_tf  light,  and  not  in  its  subdivision. 

P  Electric  light,  properly  applied,  was  ranch  cheaper  than  gas  light, 
hat  WM  not  likely  to  supplant  the  latter  for  purposes  where  great 
Mfadivisiun  was  indispensable  ;  besides  which,  gas  was  essentially 
I  latmg  »gcnt,  and  would  find  ever-increasing  application  in  that 
filwtka. 

The  sensitiveness  of  gas  shares  to  the  announcements  of  mora 
wieties  of  glow  lights  showed  that  the  principles  upon  which  electric 
ii^fatiag  dejicnded  wore  not  sufficiently  appreciated.  The  regulation 
tf  Am  electric  arc  to  the  varying  conditions  of  current  and  to  imper- 
^^jntiB  in  the  carbons  was,  however,  a  matter  of  practical  difficulty, 
vUdi  admitted  of  an  almost  unlimited  number  of  solutions.  The 
fiHatiao  ■vna  which  practical  combination  was  at  the  same  time  the 
BMt  ample  and  efficient.  The  lecturer  had  himself  worked  out 
Mftefsl  solntions,  one  of  which  recommended  itself  by  its  absence 
of  all  clockwork  arrangement  iit  making  the  advancing  carbons  abut 
-yrr**  a  fixed  metallic  stop.  Other  solutions  might,  however, 
htfa  Ibeir  particular  advantages,  but  it  was  not  the  purjMise  of 
Ua  proaant  lectoro  to  enter  upon  a  coosidoration  of  such  details  of 
arraa  semen  t. 

Tbe  electric  light,  if  properly  carried  into  effect,  was  a  cheap  light. 
By  boming,  for  instance,  a  thousand  cubic  feet  of  gas  in  burners,  and 
fldaaaming  the  same  quantity  in  a  gas  engine,  giving  mction  to  a 
4jrBaai>«iectric  machine  feeding  an  electric  light,  it  could  bo  shown, 
M  I'ki,  Ir^tiircr  had  done  before  the  House  of  Commons  Committee 
:  by  Electricity,  that  about  twenty  times  the  luminous  effect 
.ou   iX.     (No.  72.)  2  A 
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wonld   bo    prodaced  in  ttio  latter  caso.     In  practical  workiiig, 
difference  would  not  bo  bo  great,  owing  to  tiie  imperfect  arrkii 
ments  as  yet  adopted  ;  bat  he  could  abow,  from  actual  eiperiei 
extending  over  Beveral  months,  that  electric  illamination  if  ap]  * 
to  halU,  and  places  of  a  certain  magnitude,  was  three  or  four 
cheaper  than  gas  lighting. 

The  application  of  tbo  dynamo-electric  current  next  dealt 
was  that  of  the  fusion  of  metals  and  other  substances.  Sir  Hompl 
Davy  had  as  early  as  1810  obtained  in  the  electric  arc  sufficient  li 
to  decompose  {lotash,  and  Professor  Dewar  in  experimenting  witlJ 
dynaroo-oloctric  current  had  sliown  recently  that  in  his  lime  tnH 
crucible  several  of  the  metals  assumed  the  gaseons  condition 
shown  by  the  reversal  of  the  linos  in  his  spectrum,  thus  proving  ti 
the  heat  obtained  by  him  was  not  much  inferior  to  solar  heat. 

The  lecturer  had  experimented  for  some  time  with  an  elect 
furnace,  not  with  a  viow  of  attaining  these  extreme  degrees  of  hi 
but   rather   with   the   practical   object   of  melting   such    refnoti 
materials  as  platinum,  iridium,  and  steel  in  considerable  qnantiti 
He  was  led  to  theso  experiments  by  tho  consideration  that  a  gc 
■team  engine  converted  nearly  16  per  cent,  of  the  heat  energy  residi 
in  coal  into  mechanical  effect,  and  that  by  tho  d}rnamo-eloctric  machi 
nearly  80  per  cent,  of  that  mechanical  energy  could  bo  convert 
into  electric  energy.     If  this  could  be  expended  withont  loss  witl 
an  electric   furnace  or  crucible,  12  per  cent,  of  the  total   enei 
residing  in  tho  coal  would  bo  conveyed  to  tho  refractory  material 
be  melted  at  any  degree  of  temperature  rcquire<l,  and  such  a  res' 
would    for    exceed    in    economy    that    of   tho    best    furnaces  ; 
constmcted. 

In  tho  small  furnace  placed  before  tho  meeting,  tho  posit: 
electrode  (of  iron)  entered  from  below  a  crucible  containing  t 
metal  to  be  melted,  whereas  tho  negative  electrode  was  in  the  sha 
of  a  rod  of  carbon,  or  of  a  metal  tube  cooled  by  a  current  of  wat 
which,  descending  through  the  crucible  cover,  was  attached  by  mca 
of  a  lever  to  a  solenoid  regulator.  Tho  cmcible  was  packed  in  cbi 
coal  or  other  non-conducting  material  oontainod  in  a  copper  vessel 
prevent  loss  of  heat,  and  so  great  was  the  heat  accamiilated  witli 
the  crucible,  that  in  the  course  of  about  twenty  minutes  a  kilogranir 
of  broken  files  was  completely  melted.  The  arrangement  was  su 
that  it  could  easily  be  applied  upon  a  larger  scale,  and  electric  fusii 
had  the  great  advantage  that  tho  access  of  the  atmospbero  and  of  t'. 
products  of  combustion  to  tho  substance  under  treatment  was  entire 
prevented. 

Another  application  of  the  electric  arc  which  the  lecturer  thongj 
might  ultimately  assume  an  important  character  was  to  horticultur 
Having  experimented  with  an  electric  light  of  1400  candle  power  i 
his  own  groonhouscs  at  Sherwood,  near  Tunbridgo  Wells,  he  ba 
arrived  at  tho  conclusions  that  electric  light  promoted  tho  forma tio 
of  chlorophyll,  starch,  and  cellulose  in  plants,  and  could  be  mad 
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equal  to  daylight  in  its  beneficial  effects  upon  them  :  that  the 
did  not  require  a  time  of  rest  by  night,  but  became  ftU  the 
Igorons  if  put  under  the  iiiflnonco  of  day  and  electric  light 
lely  without  intermission,  and  that  the  development  of  flowers 
)  ripening  of  fruit  would  be  greatly  acccleratcil  and  improved 
H  the  action  of  electric  light.  Various  plants,  including 
S,  carrots,  peas,  roses,  lilies,  and  strawberries  with  the  fruit 
hr  dereloped  were  exhibited,  a  portion  of  which  had  been 
I  to  daylight  only,  another  to  electric  light  only,  being  kept  in 
k  daring  the  daytime,  and  a  third  portion  to  day  and  electric 

thich  clearly  justified  the  conclusions  already  stated, 
ooet  of  electric  light  in  this  application,  if  steam  had  to  be 
Ir  its  production,  would  no  doubt  be  considerable,  but  not  too 
ferobftbly   to  prevent  its  being  employed  for  forcing  early 
'*  8  ftnd  fruits ;  but  its  cost  would  bo  quite  inconsiderable  in 
where  water  power  conld  be  made  available. 
applications  of  the  dynamo-electric  current   for   elcctro- 
ition,  photography,  and  telegraphy,  could  only  bo  alluded 
lectnrer,  but  enough  had  been  said,  he  thought,  to  show  the 
liiMuy  uses  to  which   Faraday's  great  discovery  made  fifty 
|o  was  likely  to  lead. 
^  [C.  W.  8.] 
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WEEKLY  EVENING  MEETING, 
Friday,  March  19,  1880. 

Geobok  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-Preaideut, 
in  tho  Chair. 

Pbofebsob  Ttndall,  D.CL.  F.R.S. 

Ooethe't '  FarbenUhre.' 

Ik  the  (lays  of  my  youth,  when  lifo  was  strong  and  aspiration  big 
I  foutul  niyst^If  stniidiug  une  fino  summer  evening  bosido  a  statne  > 
Goethe  in  a  Gorman  city.  Following  the  current  of  tlionght  at 
feeling  started  by  the  associations  of  the  place,  I  eventually  came  I 
the  conclusion  that,  judging  even  from  a  purely  utilitarian  point  i 
view,  a  truly  noLlo  work  of  lu-t  was  tho  most  snitablo  memorial  fi 
a  great  man.  Such  a  work  appeared  to  ino  capable  of  exciting 
motive  force  within  the  mind  which  no  purely  material  iuSucucc  cool 
generate.  There  was  then  labour  before  me  of  tho  most  arduous  kia 
There  were  formidable  practical  difficulties  to  be  overcome,  and  vei 
small  means  wherewith  to  overcome  them,  and  yet  I  felt  that  r 
material  menus  could,  as  regards  tho  task  I  hod  undertaken,  plai 
within  me  a  resolve  comparable  with  that  which  the  contemplation  < 
this  statue  of  Goethe  was  able  to  arouse. 

My  reverence  for  tho  poet  had  been  awakened  by  the  writings  t 
Mr.  Garlylo,  and  it  was  afterwards  confirmed  and  consolidated  by  it 
writings  of  Goethe  himself.  But  there  was  one  of  the  poet's  work 
which,  though  it  lay  directly  in  the  line  of  my  own  studies,  rt 
niained  for  a  long  time  only  imperfectly  known  to  mo.  My  opinio 
of  that  work  was  not  formed  on  hearsay.  I  dipped  into  it  so  fe 
as  to  make  myself  acquainted  with  its  style,  its  logic,  and  its  gonen 
aim ;  but  having  done  this  I  laid  it  aside,  as  something  which  jarrc 
upon  my  conception  of  Goethe's  grandeur.  The  mind  willingl 
rounds  off  tho  image  which  it  venerates,  and  only  acknowledges  wit 
relnctanco  that  it  is  on  any  side  incomplete ;  and  bolioving  thn 
Goethe  in  the  '  Farbeulobre '  was  wrung  in  his  intclloctoal,  an 
perverse  in  his  moral,  judgments — seeing  above  all  things  that  he  ha 
forsaken  the  lofty  impersonal  calm  which  was  his  chief  chnracteristit 
and  which  had  entered  into  my  conception  of  the  god-like  in  literature— 
I  abandoned  tho  '  Forbculehro,'  and  looked  up  to  Gootho  on  that  8id> 
whore  his  greatness  was  imconfccsted  and  supremo. 
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Bat  in  the  month  of  May,  1878,  Mr.  Carlyle  did  me  the  honour 
calling  npon  me  twice ;  and  I,  not  being  at  home  at  the  time,  visited 
him  in  Chelsea  Boon  aftcrwardB.  He  was  then  in  his  eighty-third 
Tear,  and  looking  in  his  solemn  fashion  towards  that  portal  to  wliich 
we  are  all  so  rapidly  hastening,  he  remembered  his  friends.  He  then 
ted  to  me,  as  "a  farewell  gift,"  the  two  octavo  volumes  of  letter- 
and  the  single  folio  volume,  consistiug  in  great  part  of  coloured 
diagrams,  which  are  here  before  yon.  Exactly  half  a  century  ago 
these  volumes  were  sent  by  Gtoethe  to  Mr.  Carlyle.  They  embrace 
the  '  Farhenlehre,' — a  title  which  may  be  translated,  though  not  well 
translated, '  Theory  of  Colours' — and  they  are  accompanied  by  a  long 
letter,  or  rather  catalogue,  from  Goethe  himself,  dated  the  llth  of 
June,  1830,  a  little  less  than  two  years  before  his  death.  My  illus- 
trious friend  wished  me  to  examine  the  book,  with  a  view  of  setting 
forth  what  it  really  contained.  This  year  for  the  first  time  I  have 
been  able  to  comply  with  the  desire  of  Mr.  Carlyle ;  and  as  I  knew 
that  your  wish  would  coincide  wth  his,  as  to  the  propriety  of  making 
some  attempt  to  weigh  the  merits  of  a  work  whiuh  exerted  so  gi-cat 
influence  in  its  day,*  I  have  not  shrunk  from  the  labour  of  such  a 
view. 
The  average  reading  of  the  lato  Mr.  Buckle  is  said  to  have 
amonntod  to  three  volumes  a  day.  But  they  could  not  have  been 
volomes  like  those  of  the  '  Farbculohrc.'  For  the  necessity  of  halting 
tai  pondering  over  its  statements  was  so  frequent,  and  the  difficulty 
coming  to  any  undoubted  conclusion  regarding  Goethe's  real 
inceptions  was  often  so  great,  as  to  invoke  the  expenditure  of  an 
inordinate  amount  of  time.  I  cannot  oven  now  say  with  confidence 
I  fully  realize  all  the  thoughts  of  Goethe.  Many  of  them  are 
go  to  the  scientific  man.  They  demand  for  their  interpretation 
tthy  beyond  that  required,  or  cvcQtolcratcd,  in  severe  physical 
ch.  Two  factors,  the  one  cxtcnialan^Hho  other  internal,  go  to 
'production  of  every  intellectual  result.  There  is  the  evidence 
ithont  and  there  is  the  mind  within  on  which  that  evidence  impinges. 
I  citlier  factor,  and  the.rosolt  will  cease  to  be  the  some.  In  the 
of  politics,  where  mere  opinion  comes  so  much  into  play,  it  is 
ly  natural  thut  tlie  same  external  evidence  should  produco  different 
iTictions  in  different  minds.  But  in  the  region  of  science,  whoro 
Btntion  instead  of  opinion  is  paramount,  such  differences  ought 
ly  to  bo  expected.  'That  they  nevertheless  occur  is  strikingly 
aplificd  by  the  case  before  us;  for  the  very  experimental  facts 
rhicfa  had  previously  convortoil  the  world  to  Newton's  views,  on 
K]ipe«ling  to  the  mind  of  Goethe,  produced  a  theory  of  light  and 
iilonrs  in  violent  antagonism  to  that  of  Newton. 


*  TIm  late  Sir  Charles  Ka«tlnko  trnnilntrd  n  portion  of  Uie  '  Fiirlxinloliro' ; 
Um  late  Mr.  Ix!wc«,  in  hit  'Life  of  Ooethc,'  Hm  given  a  brii-f,  but  very 
raeoooni  of  the  work.    It  in  itlsn  ilrnlt  wllb,  in  cowmcUm  with  Oucthv'n 
BtiAc  Ubuon),  in  Uclmbullz's  LwturiA 
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GoeUie  prized  the  '  Farbenlehre '  as  the  most  important  of 
worka.  **  In  what  I  haye  done  as  a  poet,"  he  eays  to  Eckerniann, 
take  no  pride,  bat  I  am  pruud  of  the  fact  that  I  am  the  only 
in  this  oentnry  who  is  acqnaintcl  with  the  difficult  scicuco  of  coloi 
If  the  importance  of  a  work  were  to  be  meosorcd  bj  the  amonnt 
ooBsoions  labonr  expended  in  its  prodnction,  Goethe's  estimata: 
tbe  '  Farbenlehre '  wonld  probably  bo  correct.  The  obeerrations 
vxperimentB  there  recorded  astonish  ns  by  their  variety  and  nombe 
The  amount  of  reading  which  he  acoompUshod  was  obviously  va« 
He  porsoed  the  history  of  optics,  not  only  along  its  main  streams,  bi 
un  to  its  remotest  rills.  He  was  animated  by  the  seal  of  an  apostl 
fur  he  believed  that  a  giant  impostore  was  to  be  overthrown,  and  th 
be  was  the  man  to  accomplish  the  holy  work  of  destruction.  Ho  wi 
also  a  lover  of  art,  and  hold  that  the  enunciation  of  the  true  principL 
of  colour  would,  in  relation  to  painting,  be  of  lasting  importano 
Thus  positively  and  negatively  he  was  stimulatal  to  bring  all  tl 
Btrongth  ho  could  comniund  to  bear  upon  this  question.  The  grcntt 
|>art  of  the  first  volume  is  taken  up  with  Goethe's  own  exporiincnt 
which  are  described  in  920  paragraphs  duly  numbered.  It  is  not 
oonseoative  argument,  but  nithor  a  eeries  of  jets  of  fact  and  logi 
smittod  at  various  intervals.  I  picture  tlio  iK)ot  in  that  troublous  wai 
time,  walking  up  and  down  his  Weimar  ganlcu,  with  his  hands  behini 
his  back,  pondering  bis  subject,  throwing  his  experiments  and  re 
flections  into  thcso  terse  i)aragraph8,  and  turning  occasionally  into  hi 
garden  houso  to  write  them  down.  This  first  portion  of  the  wor 
embraces  three  ports,  which  deal  respectively  with  :  Physiological  c 
Subjective  Colours,  with  Physical  or  Prismatic  Colours,  and  wit 
Chemical  Colours  and  Pigments.  To  these  are  added  a  fourth  par 
bearing  the  G^erman  title,  *'  Allgemoine  Ansichten  nach  innen " ; 
fifth  part,  entitled  "  Nachbarliche  Verhaltnisse,"  neighbouring  reh 
tions ;  and  a  sixth  part,  entitled  "Sinnlich-sittliche  Wirkung  di 
Farbc,"  sensuonsly-moral  cflfect  of  colours.  It  is  hardly  necessat 
to  remark  that  some  of  these  titles,  though  doubtless  pregnant  wit 
meaning  to  the  poet  himself,  are  not  likely  to  commend  themselvc 
to  the  more  exacting  man  of  science. 

The  main  divisions  of  Goethe's  book  are  subdivided  into  short  set 
tions,  bearing  titles  more  or  loss  shailowy  from  a  scientific  point  of  view 
Origin  of  white  ;  Origin  of  block  ;  Excitement  of  colour ;  Heighten 
ing  ;  Culmination ;  Balancing  ;  Reversion ;  Fixation  ;  Mixture  real 
Mixture  apparent ;  Coramunicatiuu  actual ;  Ooiumunicatiuu  ap]mreni 
He  doscriboB  the  colours  of  minerals,  plants,  worms,  insects,  fishoc 
birdK,  nionimalti,  and  men.  Hair  on  the  sarfuco  of  the  Iniiitun  bod; 
he  considure  indicative  rather  of  weakness  than  of  strength.  Th 
disquisition  is  continued  under  the  headings:  How  cosily  colon 
arises ;  How  energetic  colour  may  bo ;  Heightening  to  red ;  Complete 
nesB  of  manifold  phenomena ;  Agreement  of  complete  phenomena 
How  oiisily  colour  disappears  ;  How  durable  coluur  remains  ;  Relatioi 
to  philosophy;  Relation  to  mathematics;  Relation  to  physiology  anc 
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liology  ;  Belation  to  natural  Listoiy  ;  Relation  to  general  physics ; 
ioD  to  tones.  Then  follows  a  soriea  of  sections  dealing  with 
the  primary  colours  and  tlieir  mixtures.  These  sections  relate  less 
to  aoience  than  to  art.  The  writer  treats,  among  other  things,  of : 
^Btlietic  effects ;  Fear  of  the  Theoretical ;  Grounds  and  Pigments ; 
AUegorical,  Symbolical,  and  Mystical  use  of  colours.  The  headings 
•looe  indicate  the  enormous  industry  of  the  poet;  showing  at  the  same 
time  an  absence  of  that  scientific  definition  which  he  stigmatized  as 
"  pedaintry  "  in  the  case  of  Newton. 

In  connection  with  his  subject,  Goethe  charged  himself  with  all 
kinds  of  kindred  knowledge.  He  refers  to  ocular  spectra,  quoting 
Boyle,  Bnffon,  and  Darwin ;  to  the  paralysis  of  the  eye  by  light ;  to 
iti  eactrame  Bensitiveness  when  it  awakes  in  the  morning ;  to  irradia- 
tian — quoting  Tycho  Brabe  on  the  comparative  apparent  size  of  the 
d«rk  and  the  illuminated  moon.  He  dwells  upon  the  persigtenco  of 
inpreaaionB  upon  the  retina,  and  quotes  various  instances  of  abnormal 
dniBtion.  He  poasesBed  a  full  and  exact  knowledge  of  the  phenomena 
of  rabjective  colours,  and  described  various  modes  of  producing 
fkaoi.  He  copiously  illustrates  the  production  by  red  of  subjective 
green,  and  by  green  of  subjective  rod.  Blue  produces  subjective 
ycUow,  and  yellow  subjective  blue.  He  experimented  upon  shadows, 
eoloored  in  contrast  to  surrounding  light.  The  contrasting  snb- 
jectire  colours  he  calls  "  geforderte  Farben,"  colours  "  demanded " 
bj  the  eye.  Goethe  gives  the  following  striking  illustration  of  these 
■olgeeti've  effects.  "  I  once,"  he  said,  "  entered  an  inn  towards 
•vaning,  when  a  well-built  maiden,  with  dazzlingly  white  face,  black 
hair,  and  scarlet  bodice  and  skirt  came  towards  me.  I  looked  at 
btf  ■Iwrply  in  the  twilight,  and  when  she  moved  away,  saw  upon 
IIm  white  wall  opposite  a  black  face  with  a  bright  halo  ronud  it, 
while  the  clothing  of  the  perfectly  distinct  figure  appeared  of  a 
haaatifal  seA-grecn."     With   the  instinct  of  the   poet,  Goethe  dis- 

ia  them  antitheses  an  image  of  the  general  motbod  of  nature. 

ection,  he  says,  implies  an  opposite.  Inhalation  precedes 
espintion,  and  each  systole  has  its  corresponding  diastole.  Such 
im  the  Vernal  formula  of  life.  Under  the  figure  of  systole  and  diastole 
the  rhTthm  of  nature  is  ropre8ente<l  in  other  jMrtions  of  his  work. 

Qoethe  handled  the  prism  with  great  skill,  and  bis  cxperi- 
WtHitm  with  it  are  numberless.  He  places  white  rectangles  on  a  block 
ipwmd,  black  rectangles  on  a  white  ground,  and  shifts  their  apparent 
fMiUMM  by  priamatic  refraction.  He  makes  similar  experiments  with 
eulflTcd  rectangles  and  discs.  The  shifted  image  is  sometimes 
■ngeeled  on  a  screen,  the  experiment  being  then  "objective."  It 
M  aometiinee  looked  at  directly  through  the  prism,  the  experiment 
bug  then  "  subjective."  In  the  production  of  chromatic  effects, 
he  awcUs  npon  the  absolute  necessity  of  houndarie* — "  Grauzen." 
The  sky  may  be  looked  nt  and  shifted  by  a  prism  without  the  pro- 
rf»Btiua  of  oolonr ;  and  if  the  white  rectangle  on  a  black  ground  be 
gd|j  ntdft  wide  enough,  the  centre  remains  white  after  refraction,  the 
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colours  being  oonfinod  to  tho  odgoa.  Goethe's  eftrliest  experin 
uliicli  led  him  so  hastily  to  the  conclnsion  that  Newton's  theor 
colours  wag  nTong,  consisted  in  looking  through  a  prism  at  the  n 
wall  of  his  own  room.  Ho  expected  to  see  tho  whole  wall  cot 
with  colours,  this  being,  ho  thonglit,  iini>lioti  in  tho  theory  of  Nc¥ 
But  to  his  nstonishnicnt  it  rcniaincd  white,  ami  only  when  he  can 
10  boundary  of  a  dark  or  a  bright  space  did  tho  colours  reveal  tl 
vcs.  This  question  of  "boundaries"  is  one  of  supreme  import 
the  author  of  the  'Farbcnlehro' ;  the  end  and  aim  of  his  th 
being  to  account  for  tho  coloured  fringes  produced  at  the  edges  o 
refracted  images. 

Darkness,  according  to  Ooctho,  had  as  much  to  do  as  light 
the  production  of  colour.  Colour  was  really  duo  to  the  comnmi( 
of  both.  Not  only  did  his  white  rectangles  upon  a  black  gn 
yield  tho  colonnd  fringes,  but  his  black  rectangles  on  a  white  gr< 
did  the  same.  Tho  order  of  the  colours  seemed,  however,  differei 
the  two  cases.  Lot  a  visiting  card,  held  in  tho  hand  between  the 
and  a  window  facing  tho  bright  firmament,  he  looked  at  throu 
prism,  then  supjtosing  tho  imago  of  tho  card  to  be  shifted  upward 
refraction,  a  red  fringe  is  soon  above  and  a  blue  one  below.  Lo 
back  bo  turned  to  the  window  and  the  card  so  held  that  the  1 
slmll  fall  upon  it;  on  being  looked  at  through  the  prism,  blue  is  i 
above  and  red  below.  In  tho  first  case  t}ie  fringes  are  due  to 
docompositiuu  of  tho  light  fuljaccnt  to  the  edge  of  tho  card,  wl 
simply  acts  as  an  opaque  b<jdy,  and  might  have  been  actually  bl 
In  tho  second  case  tlio  light  decomposed  is  that  coming  from 
surface  of  tho  card  itself.  The  first  csperimont  corresponds  to 
uf  Gk)ctho  with  a  black  rectangle  on  a  white  ground  ;  whilo 
second  experiment  corresponds  to  Goethe's  white  rectangle  on  a  b 
ground.  Both  these  effects  are  immediately  deduciblc  from  Newt 
theory  of  colours.  But  this,  though  explained  to  him  by  physii 
of  great  experience  and  reputation,  Goethe  could  never  be  brougl 
SCO,  and  he  cnntinnod  tn  affirm  to  the  eud  of  liis  life  that  the  re» 
were  utterly'  irreconcilable  with  tlie  theory  of  Newton. 

In  his  own  explanations  Goethe  began  at  the  wrong  end,  in'< 
ing  tho  trno  order  of  thought,  and  trying  to  make  tho  outcom 
theory  its  foundation.  Apart  from  theory,  however,  his  observal 
are  of  great  interest  and  variety.  Ho  looked  to  tho  zenith  at  i 
night,  and  found  before  him  the  blackness  of  space,  whilo  iu  day] 
he  siiw  the  blue  firmament  overhead  ;  and  ho  rightly  adopted 
couclufiion  that  this  oolouriug  of  tho  sky  was  due  to  the  ehiuiti 
tho  sun  n]>on  a  turbid  medium  with  darkncBs  behiud.  Ho  bj 
means  nnderstood  the  physical  action  of  turbid  media,  hut  he  i 
a  great  variety  of  experiments  bearing  ujion  this  point.  Water 
example,  rendered  turbid  by  varnish,  soap,  or  milk,  and  having  a  I 
ground  heliind  it,  always  appeared  blue  when  shone  upon  by  « 
light,  When,  instead  of  a  black  background,  a  bright  one  was  pi 
behind,    so    that    the    light    shone,  not  on,   but    through   tho   tu 
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liqaid,  the  blue  colour  disappeared,  and  ho  had  yellow  in  its  placo. 

I       Such  cxperinients  aro  capable  of  eudless  variation.     To  this  class 

I       of  effects    belongs   the   painter's   "  chill."      A   cold   bluish   bloom, 

hke  that  of  a  plum,  is  sometimes  observed  to  cover  the  browns  of 

t  varnished  picture.     This  is  due  to  a  wont  of  optical   continuity 

in  the  Tarnish.     Instead  of  being  a  coherent  layer  it  is  broken  up 

into  particles  of  microscopic  stnallncss,  which  virtually  constitute  a 

torbid  medium  and  send  blue  light  to  the  eye. 

^^       Goethe  himself  describes  a  most  amusing  illustration,  or,  to  nsa 

^Bkis  own  language,  "  a  wonderful  phenomenon,"  duo  to  the  temporary 

^Hetion  of  a  turbid  medium  on  a  picture.     "  A  portrait  of  an  esteemed 

^Bkeologian  was  painted  several  years  ago  by  an  artist  specially  skilled 

^^B  the  treatment  of  colours.     The  mau  stood  forth  in  his  dignity  clod 

io  a  beaotiful  block  velvet  coat,  which  attracted  the  eyes  and  awaJieued 

^_tbe  admiratiou  of  the  beholder  almost   more  than   the  face  itself. 

^HVhrungh  the  action  of  humidity  and  dust,  however,  the  picture  had 

^Bpst  mach  of  its  origiual  splendour.    It  was  therefore  handed  over  to  a 

^Hpainter  to  be  cleaned,  and  newly  varnished.    The  painter  began  by 

^^earafnlly  passing  a  wet  sponge  over  the  picture.     But  he  had  scarcely 

Ikaa  ranoved  the  coarser  dirt,  when  to  his  astonishment  the  black 

Tvlret  enddenly  changed  into  a  light  blue  plush;  the  reverend  gentle- 

SKii  acquiring  thereby  a  very  worldly,  if,  at  the  same  time,  an  old- 

iJMliioned  appearance.     The  painter  would  not  trust  himself  to  wash 

finther.     lie  could  by  no  means  see  how  n  bright  blue  could  tmderlie 

a  dark  black,  still  loss  that  ho  could  have  sn  rapidly  washed  away  a 

coating  capable  of  couverting  a  blue  like  that  before  him  into  the 

black  of  the  original  painting." 

Ooethe  inspected  the  picture,  saw  the  phenomenon,  and  explained 
it.  To  deepen  the  hue  of  the  velvet  coat  the  painter  had  covered  it 
with  a  special  varnish,  which,  by  absorbing  part  of  the  water  passed 
over  it,  was  converted  into  a  turbid  medium,  through  which  the  block 
beldad  instantly  appeared  as  blue.  To  the  great  joy  of  the  painter, 
ha  fbond  that  a  few  hours  continuance  in  a  dry  place  restored  the 
primitive  block.  By  the  evaporation  of  the  moisture  the  optical 
eontinnity  of  the  varnish  (to  which  essential  point  Goethe  docs  not 
nUer)  was  re-established,  after  which  it  ceased  to  act  as  a  turbid 
■adinm. 


This  question  of  turbid  media  took  entire  possession  of  the  poet's 
It  was  over  present  to  his  oltscrvation.  It  was  illnstratud  by 
tiw  asore  of  noonday,  and  by  tlio  duOiKlil  and  crimson  of  tho  OTOoing 
■ky.     The  inimitable  lines  written  at  Ilmeuau — 

"  Vcbcr  iillcn  Gipfoln 
ht  Itiili'. 
In  ftllvn  Wipfulo 
Ppftrcat  Dii 
Kuum  ciutn  Hniirli " — 

a  Ktilluusa  uf  the  atmosphere  which  would  allow  ibe  culumna 
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of  liuo  smoko  from  the  foroBten'  cottagea  to  riso  high  into  the  air. 
lie  would  thus  h&ve  an  opportnnity  of  seeing  the  npper  portion  of 
the  column  projected  against  bright  clouds,  and  the  lower  portion 
against  dark  pines,  the  brownish  yellow  of  the  one  and  the  bine  of 
the  other  being  strikingly  and  at  once  revealed.  He  was  able  to 
prodaoo  artificially  at  wUl  the  colours  which  he  had  previously 
observed  in  nature.  He  noticed  that  when  certain  bodies  were  iocor* 
porated  with  glass  this  substance  also  played  a  double  port,  appearing 
blue  by  reflected  and  yellow  by  transmitted  light.* 

The  action  of  turbid  media  was  to  Goethe  the  ultimate  fact — tho' 
Urphanomen — of  the  world  of  colours.  "  We  see  on  the  one  side  Light  • 
and  un  the  other  side  Darkness.  We  bring  between  both  Turbidity,  1 
and  from  these  oppositcs  develop  all  colours."  As  long  as  Goethel 
remained  in  the  region  of  fact  his  observations  ore  of  permanent  j 
value.  But  by  the  coercion  of  a  powerful  imagination  he  forced  his) 
turbid  media  into  regions  to  which  they  did  not  belong,  and  sought  | 
to  overthrow  by  their  agency  the  irrefragable  dcmoustratious  iif 
Newton.  Newton's  theory,  as  known  by  everybody,  is  that  white  | 
light  is  composed  of  a  multitude  of  differently  refrangible  rays,! 
whoso  coalescence  in  certain  proportions  produces  the  impression  of, 
white.  By  prismatic  analysis  these  rays  are  separated  from  each 
other,  the  colour  of  each  ray  being  strictly  determined  by  its  re- 
frangibility.  The  experiments  of  Newton,  whereby  he  sought  to 
establish  this  theory,  had  long  appealed  with  overmastering  evi- 
dence to  every  mind  trained  in  the  severities  of  physical  Luvostigo- 
tiun.  But  they  did  not  thus  appeal  to  Goethe.  Accepting  for  the 
most  part  the  exporiiucnts  of  Newton,  he  rejected  with  indignation 
the  conclusions  drawn  from  them,  and  turned  into  utter  ridicule  the 
notion  that  white  light  possessed  the  composite  character  ascribed  to 
it.  Many  of  the  naturalists  of  his  time  8U[>ported  him,  whUe  among 
philosophers  Schelliiig  and  Hegol  shouted  in  acclamation  over  the 
supposed  defeat  of  Newton.  The  physicists,  however,  gave  the  poot 
no  countenance.  Goethe  met  their  scorn  with  scorn,  and  un<ler  his 
lash  these  dcniers  of  his  theory,  their  Master  included,  paid  the 
penalty  of  their  arrogance. 

How,  then,  did  ho  lay  down  the  lines  of  his  own  theory  ?  How, 
out  of  such  meagre  elemouts  as  his  yellow,  and  his  blue,  and  his 
turbid  medium,  did  he  extract  the  amazing  variety  and  richness  of  the 
Newtonian  spectrum?  Here  wo  must  walk  circumspectly,  for  the 
intellectual  atmosphere  with  which  Goethe  surrounds  himself  is  by 
no  nu'onB  free  from  turbidity.  In  trying  to  account  for  his  position, 
wo  must  make  ourselves  acquainted  with  his  salient  facts,  and  en- 
deovonr  to  place  our  minds  in  sympathy  with  his  mode  of  regarding 
tliom.  IIo  found  that  ho  cnuld  intensify  the  yellow  of  his  transmitted 
light  by  ranking  the  turbidity  of  his  medium   stronger.     A  siuglo 
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*  Beautiful  nnd  inBtructivo  siunplcB  nf  such  glosa  are  to  be  iceo  in  tho  Venice 
Ulaum  Ooiiipuuy'ii  shop,  No.  30,  tjt.  Junt's'a  Street. 
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sheet  of  diaphanons  parchment  placed  oyer  a  hole  in  his  window- 
ahatter  ap]>ea(ed  whitish.  Two  sheets  appeared  yellow,  which  by 
the  additiun  of  other  sheets  could  be  converted  into  red.  It  is 
quite  tme  that  by  simply  sending  it  through  a  medium  charged 
with  extremely  minnto  particles  wo  can  extract  from  white  light  a 
mby  red.  The  rod  of  the  London  sun,  of  which  wo  have  had  such 
fine  and  frequent  examples  during  the  late  winter,  is  a  case  to  some 
extent  in  point.  QoeUie  did  not  believe  in  Newton's  differently 
refrangible  rays.  Ho  refused  to  entertain  the  notion  that  the  rod 
light  obtained  by  the  employment  of  several  sheets  of  parchment 
waa  different  in  quality  from  tho  yellow  light  obtained  with  two. 
The  rod,  according  to  hun,  was  a  mere  intensification — "  Stoigerung  " — 
of  the  yellow.  Colours  in  general  consisted,  according  to  Goethe,  of 
light  on  its  way  to  darkness,  and  the  only  difference  between  yellow 
t&d  red  consisted  in  the  latter  being  nearer  than  tho  former  to  its 
fiaalgoaL 

Bat  bow  in  the  production  of  tho  spectrum  do  turbid  media  come 
talo  play  ?  If  they  exist,  where  are  they  ?  The  poet's  answer  to 
lUs  question  is  subtle  in  the  extreme.  He  wanders  round  the 
nnror  before  he  touches  it,  indulging  in  various  considerations 
raguding  penumbnc  and  double  images,  with  tho  apparent  aim  of 
bmkiiig  down  tho  repugnance  to  his  logic  which  the  mind  of  his 
reader  is  only  too  likely  to  entertain.  If  you  place  a  white  card  near 
the  mrfaoe  of  a  piece  of  plate-glass,  and  look  obliquely  at  the  imago 
of  the  card  reflected  from  the  two  surfaces,  you  observe  two  images, 
wUch  are  hazy  at  the  edges  and  more  dense  and  defined  where  they 
ciwlap.  These  hazy  edges  Goethe  pressed  into  his  service  as  turbid 
Bedia.  He  fancied  that  they  associated  themselves  indissolubly  with 
bia  nfracted  rectangles — that  in  every  case  the  image  of  the  rectanglo 
*M  aeoompaniod  by  a  secondary  hazy  image,  a  little  in  advance  of 
Ike  principal  one.  At  one  edge,  ho  contended,  the  advanced  secondary 
imagb  had  black  behind  it,  which  was  convertod  into  blue ;  while  at 
IIm  other  edge  it  had  white  behind  it,  and  appeared  yellow.  When 
Iks  rafiacted  rectangle  is  made  very  narrow,  the  fringes  approach 
«m1i  other  and  finally  overlap.  Blue  thus  mingles  nith  yellow,  and 
Ifco  green  of  the  spectrum  is  tho  consequence.  This,  in  a  nutshell,  is 
Iba  theory  of  colours  developed  in  the  '  Farbenlehrc.'  Goethe  ub- 
viooaly  regarded  the  narrowing  of  tho  rectangle  of  tho  cylindrical 
bana,  or  of  the  slit  of  light  passing  through  tho  prism,  which,  accord- 
ing to  Newton,  is  the  indis])engablo  condition  requisite  for  tlie  pro- 
imdtitm  of  a  pure  spectrum,  as  an  impure  and  complicate<l  mode  of 
QlwArating  the  phenomenon.  The  elementary  fact  is,  aoooniins  to 
Goalke,  obtaiue<l  when  wo  operate  with  a  wide  rectanglo  the  oofges 
<aij  of  which  are  coloured,  while  the  centre  remains  white.  His 
mwiiliMiDta  with  the  ]>archment  had  made  him  acquainted  with  tho 
I  of  yellow  into  red  as  he  multiplied  his  layers ;  but  how  this 
_  I  occurs  in  the  spectrum  ho  does  not  explain.     That,  however, 

buy  Burfaoee — his  virtual  turbid  media — produou<l,  in  some  way 
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or  other,  tho  obecrred  puuge  and  iotensificaticin,  Qocthe  held  ■ 
finiily,  and  ennncisted  as  confidently,  as  if  hia  aualjgis  of  the  phenfl 
mona  had  boon  complete.  Jk 

Tho    fact    is,   that    between    double    images    and   turbid  mefl 
[  there  is  no  kinship  whatever.     Tnrbiditj  is  due  to  the  diffuBion,  in 
I  a  transparent  medium,  of  minute  particles  having  a  refractive  iudei 
[different  from  that  of  the  medium.    But  tho  act  of  reflection  which 
produced    the   pouumbrul  surfaces,   whose  aid  Goethe   invoked,  did 
not  charge  them  with  such  discrete  particles.     On  yarions  former 
I  occasions   I   have   tried   to  set  forth  the   principles  on  which   the 
<■  chromatic  action  of  turbid  media  depends.     When  such  media  are 
to  be  seen  blue,   the  light  scattered  by  the  diffused  particles,  and 
that  only,  ought  to  reach  the  eye.     This  feeble  light  may  be  com- 
pared to  a  faint  \vhis]x;r  which  is  cosily  rendered  inaudible  by  a 
louder  noiso.     The   scattered  light  of  the  particles   is   accordingly 
overpowered,  when  a  stronger  light  comes,  not  from  tho  particles,  but 
from  a  bright  surface  behind  tliom.     Ucre  the  light  reaches  the  eye, 
minus  that  scattered  by  tho  ]>articlcs.     It  is  therefore  the  comple- 
mentary light,  or  yellow.     Both  effects  are  immediately  doducible 
from  the  principles  of  tho  undulatoi*y  theory.     As  a  stone  in  water 
throws  back  a  larger  fraction  of  a  ripple  than  of  a  larger  wave,  so 
do   tlio   excessively  minute   particles   which   produce   the   turbidity 
scatter  more  copiously  the  small  waves  of  the   spoctrum  than  the 
large  ones.     Light  scattered  by  such  particles  will  therefore  always 
contain  a  prfponJoninco  of  tho  waves  which  produce  the  sensation  of 
blue.     During  its  transmissiou  through  the  turbid  medium  tho  white 
light  is  more  and  uiorc  robbed  of  its  bluo  constituents,  the  trans- 
mitted light  which  reaches  tho  oyo  being  therefore  complementary  to 
.  blue. 

Some  of  yon  arc,  no  doubt,  aware  that  it  is  possible  to  take  matter 
in  the  gaseous  condition,  when  its  smallest  parts  are  molecules, 
iiicajmble  of  being  either  scon  themselves  or  of  scjittoring  any  sensible 
portion  of  light  which  impinges  on  thotn ;  that  it  is  possible  to  shake 
thuBo  molecules  asunder  by  spcciiil  light-waves,  so  that  their  liboroted 
constituents  shall  coalesce  anew  nntl  form,  not  moleculcf,  hnt  parliclea  ; 
that  it  is  possible  to  cause  these  particles  to  grow,  from  a  size  bor- 
dering on  the  atomit%  to  a  sizo  which  enables  them  to  copiously  scatter 
light.  Some  of  you  are  aware  that  in  tho  early  stages  of  their  growth, 
when  they  ore  still  beyond  tlie  grasp  of  tho  microscope,  such  particles, 
no  matter  what  tho  substance  may  be  of  which  they  are  composed, 
slicd  forth  a  pure  firmamcntal  blue ;  and  that  from  them  wo  can 
niauufiicturo  in  tho  lubimitury  artificial  skies  which  display  all  tho 
phciinmoua,  both  of  colour  and  poliiriziition,  of  the  real  finnuitient. 

With  regard  to  tho  production  of  the  green  of  the  spoctrum  by 
the  overlapping  of  yellow  and  bluo,  Goethe,  like  a  multitude  of 
others,  confounded  the  mixturo  of  blue  and  yellow  lights  with  that  of 
blno  and  yellow  pigments.  This  was  an  error  sliarcd  by  the  world  at 
large.    But  in  Goethe's  own  day,  Wiiusch  of  Leiiizig,  who  is  ridiculed 
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in  tho  '  Farbenlehro,'  had  corrected  the  error,  and  proved  the  mizturo 
of  bine  and  yellow  lights  to  produce  white.  Any  doubt  that  might 
be  cntcrtaincil  of  Wiinsch's  experiments — and  they  are  obviouflly  the 
work  of  a  careftd  and  competent  man — ia  entirely  removed  by  th« 
experiments  of  Helniholtz  and  others  in  our  own  day.  Thus,  to  sum 
np,  Goethe's  theory,  if  such  it  may  be  called,  proves  incompetent  to 
■ooomit  even  approximately  for  the  Newtonian  spectrum.  He  refers 
it  to  tnrbid  media,  but  no  such  media  oome  into  play.  He  fails 
to  aooonnt  for  the  pusage  of  yellow  into  red  and  of  blue  into  violet ; 
vhile  his  attempt  to  deduce  the  green  of  tho  spectrum  from  tho 
mixtare  of  yellow  and  blue,  is  contradicted  by  facts  which  were 
extmt  in  his  own  time. 

One  hole  Goethe  did  find  in  Newton's  armour,  through  which  ho 
inoeasantly  worried  the  Englishman  with  his  lance.  Newtou  had 
eonunitted  himself  to  the  doctrine  that  refraction  withmit  colour 
wt8  impossible.  He  therefore  thought  that  tho  object-glasses  of 
telasoopes  must  for  ever  remain  imperfect,  achromatism  and  refraction 
Bg  inOLimpatible.  The  inference  of  Newton  was  proved  by 
"  to  bo  wrong.*  With  the  same  mean  refraction,  flint  glass  pro- 
i  m  longer  and  richer  spectrum  than  crown  glass.  By  diininish- 
refimcting  angle  of  the  flint-glass  prism,  its  spectrum  may  bo 
I  eqnal  in  length  to  that  of  the  crown  glass.  Causing  two  such 
I  to  refract  in  opposite  directions,  the  colours  may  be  neatralized, 
i  a  considerable  residue  of  refraction  continues  in  favour  of  the 
i>«m.  Similar  combinations  are  possible  in  the  case  of  lenses ;  and 
,  Mt  Dollond  showed,  the  possibility  of  producing  a  compound 
atio  lens.  Hero,  as  elsewhere,  Goethe  proves  himself  master  of 
I  experimental  conditions.  It  is  tho  power  of  interpretation  that  he 
^8.  He  flaunts  this  error  regarding  achromatism  incessantly  in  the 
I  of  Newton  and  his  followers.  But  the  error,  which  »u  ft  real 
e,  lemree  Newton's  theory  of  colours  perfectly  unimpaired. 

Newton's  aoconnt  of  his  first  experiment  with  the  prism  is  for 
er  memorable.  "  To  perform  my  late  promise  to  you,"  he  writen 
Oldenbnrg,  "  I  shall  without  further  ceremony  acquaint  you,  that 
the  year  1666  (at  which  time  I  applied  myself  to  the  grinding 
optick-glasaes  of  other  figures  than  spherical)  I  proonred  mo  m 
^triangnlar  glass  prism,  to  try  therewith  the  oelebrated  pbenooMiia  of 
eolonra.  And  in  order  thcn-to,  having  dftrkenod  my  rhaabvr,  sad 
BMideasmall  hole  in  my  window-shuta,  to  let  in  a  conveniont  qnantitjr 
of  the  tun's  light,  I  placi<d  my  prism  at  its  entrance,  that  it  niiglit  tw 
dMnl^  rafraeted  to  tho  opposite  wall.  It  wom  at  first  a  very  pleMiag 
JHnilwmimil,  III  liini  tho  vivid  and  intense  ordoon  prodnood  UierBbjf; 
Ink  after  s  wliQe  applying  myself  to  consider  them  more  circumspectly, 
I  banoM  aorpriaed  to  see  them  in  an  oblong  form,  which  aooording 
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to  the  reooircd  l»wa  of  refractions,  I  expected  shonld  have  been 
circular.  They  were  terminated  at  the  sides  with  straight  lines,  but 
at  the  ends  the  decay  of  light  wag  so  gradual,  that  it  was  difficalt  to 
determine  jastly  what  was  their  figure,  yet  they  seemed  semi-circular. 

**  Comparing  the  length  of  this  coloured  »pcctrum  with  its  breadth, 
I  found  it  about  five  times  greater ;  a  disproportion  so  estrarogant, 
that  it  excited  me  to  a  more  than  ordinary  curiosity  of  examining 
from  whence  it  might  proceed."  This  curiosity  Newton  gratified  by 
instituting  a  series  of  experimental  questions,  the  answers  to  whidi 
left  no  doubt  upon  his  mind  that  the  elongation  of  his  spectrum  was 
duo  to  the  fact  "■  that  light  is  not  similar  or  homogeneal,  but  consists 
of  difform  ray*,  tome  of  which  are  more  refrangible  than  otheri ;  so  that 
without  any  difference  in  their  incidence  on  the  some  medium,  some 
I  shall  be  more  refraeUd  than  others ;  and  therefore  that,  according  to 
^<At particular  degree*  of  refrangihility,  they  were  transmitted  through 
the  prism  to  divers  parts  of  the  opposite  wall.  When,"  continnes 
Newton,  "  I  understood  this,  I  left  off  my  aforesaid  gloss  works ;  for 
I  saw  that  the  perfection  of  telescopes  was  hitherto  limited,  not  so 
mnoh  for  want  of  glasses  truly  figured  according  to  the  prescriptions 
of  optick  authors,  as  because  that  light  itself  is  an  heterogeneous 
mixture  of  differently  refrangible  rays;  so  that  were  a  glass  so 
exactly  figured  as  to  collect  any  one  sort  of  rays  into  one  point,  it 
could  not  collect  those  also  into  the  same  point,  which,  having  the 
same  iuoidenoo  upon  the  same  medium,  are  apt  to  suffer  a  different 
refraction." 

Goethe  harped  on  this  string  without  cessation.  "  The  New- 
tonian doctrine,"  he  says,  "  was  really  dead  the  moment  achromatism 
was  discovered.  Gifted  men,  our  own  Eliigel  for  example,  felt  this, 
but  expressed  themselves  in  an  undecided  way.  On  tlio  other  hand, 
the  school  which  had  been  long  accustomed  to  support,  patch  up,  and 
gine  their  intellects  to  the  views  of  Newton,  hod  surgeons  at  hand 
to  embalm  the  corpse^  so  that  even  after  death,  in  the  manner  at 
the  Egyptians,  it  should  preside  at  the  banquets  of  the  natural 
philosophers." 

In  dealing  with  the  chromatic  aberration  of  lenses,  Gkiethe  proveB 
himself  to  be  less  heedful  than  usual  as  an  experimenter.  With 
the  clearest  perception  of  principles,  Newton  had  taken  two  pieces  of 
cardboani,  the  one  coloured  a  deep  red,  the  other  a  deep  blue. 
Around  those  cards  he  hod  wound  fine  black  silk,  so  that  the  silk 
formed  a  series  of  separate  fine  dark  lines  upon  the  two  coloured 
surfaces.  He  might  have  drawn  black  lines  over  the  red  and  blue, 
but  the  silk  lines  wore  finer  than  any  that  he  could  dravr.  Illaminat- 
ing  both  surfaces,  he  placed  a  Ions  so  as  to  cast  an  image  of  the 
surfaces  upon  a  white  screen.  The  result  woe,  that  when  the  dark 
lines  were  sharply  defined  upon  the  red,  they  were  undefined  upon 
the  blue ;  and  Uiat  when,  by  moving  the  screen,  they  were  rendered 
distinct  upon  the  blue,  they  were  indistinct  upon  the  red.  A  distance 
of  an  inch  and  a  half  separated  the  focus  of  red  rays  from  the  focus 
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of  bine  rays,  the  latter  being  nearer  to  the  lens  than  the  former. 
Goethe  appears  to  have  attempted  a  repetition  of  this  experiment ;  at 
■11  erents  he  flatly  contradicts  Newton,  ascribing  his  result  not  to  the 
testimony  of  his  bodily  eyes,  but  to  that  of  the  prcjadice<l  eyes  of 
his  mind.  Goethe  always  saw  the  dark  lines  best  defined  npon  the 
brighter  colour.  It  was  to  him  purely  a  matter  of  contrast,  and  not  of 
different  refrangibility.  He  argues  caustically,  that  Newton  proves 
too  mach ;  for  were  he  correct,  not  only  wonld  a  dioptric  telescope  be 
impossible,  but  presented  to  our  naked  eyes,  differently  coloured 
objeeta  must  appear  utterly  confusing.  Let  a  house,  he  says,  be 
snppoeed  to  stand  in  full  suiuhine ;  let  the  roof-tiles  be  red,  the  walls 
yellow,  with  blue  curtains  behind  the  open  windows,  while  a  lady 
with  a  yiolet  dress  steps  out  of  the  door.  Let  us  look  at  the  whole 
from  a  point  in  front  of  the  house.  The  tiles  we  will  suppose  appear 
distinct,  bnt  on  turning  to  the  lady  wo  should  find  both  the  form 
and  the  folds  of  her  dress  undefined.  We  must  move  forwards  to  see 
her  distinctly,  and  then  the  red  tiles  would  appear  nebulous.  And  so 
with  regard  to  the  other  objects,  we  most  move  to  and  fro  in  order 
to  oee  them  clearly,  if  Newton's  pretended  second  experiment  were 
eon«ot.  Gk>ethe  seems  to  have  forgotten  that  the  human  eye  is  not 
rigid  lens,  and  that  it  is  able  to  adjust  itself  promptly  and  without 
nlty  to  differences  of  distance  enormously  greater  than  that  due 
to  the  different  refrangibility  of  the  differently  coloured  rays. 

Newton's  theory  of  colours,  it  may  be  remarked,  is  really  less  a 
**  theory "  than  a  direct  presentation  of  facts.  Given  the  accepted 
definition  of  refraction,  it  is  a  matter  of  fact,  and  not  of  theoretic 
inference,  tliat  white  light  is  not  "  homogeneal "  bnt  composed  of  dif- 
lianrntly  refrangible  rays.  The  demonstration  is  ocular  and  complete. 
Haring  palpably  decomposed  the  white  light  into  its  constitnent 
eoloars,  Newton  reoompounded  these  colours  to  white  light.  Both 
Iha  analysis  and  the  synthesis  are  matters  of  fact.  The  so-called 
"theory  of  light  and  colours  "  is  in  this  respect  very  different  from  tho 
MrposcnUr  theory  of  light.  Newton's  explanation  of  colours  stands 
VMre  it  is,  whether  we  accept  tho  corpuscular  or  the  undulatory 
dwory ;  and  it  stands  because  it  is  at  bottom  not  a  theory  but  a  body 
cf  liMt,  to  which  theory  must  bow  or  disappear.  Newton  himself 
poiated  cot  that  his  views  of  colours  were  entirely  independent  of  his 
belief  in  the  "  corporicty  "  of  light. 

After  refraction-colours  Goethe  turns  to  those  produced  by  diffrac- 
tion, and,  aa  far  as  tho  phenomena  are  concerned,  he  deals  very 
thMntively  with  tho  colours  of  thin  plates.  Ho  studies  tho  colours 
of  Newton's  rings  both  by  reflected  and  transmitted  light.  He  states 
Ihe  oottditions  nndcr  which  this  class  of  colours  is  produced,  and 
iUostratea  the  conditions  by  special  oases.  He  presses  together  flat 
—fftcM  of  glass,  observes  the  flaws  in  crystals  and  in  ice,  refers  to 
Ihe  iridescences  of  oil  on  water,  to  those  of  aosp- bubbles,  and  to  the 
Wfjiag  colonn  of  tempered  steel.  He  is  always  rich  in  fikcts.  Bnt 
when  he  comes  to  deal  with  physical  theory,  the  poverty  and  con- 
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fnsion  of  hia  otherwise  transcendent  mind  become  conspicnoas. 
His  tnrbid  medis  entangle  him  everywhere,  leading  him  captive  and 
committing  him  to  almost  incredible  delnsions.  The  coloura  of 
tempered  stMl,  be  says,  and  kindred  phenomena,  may  perhaps  be 
I  q»\U  eemtmendy  deduced  from  the  action  of  tnrbid  media.  Polished 
atoel  poworfnlly  reflects  light,  and  the  colouring  prodnccd  by  heating 
may  bo  regarded  as  a  feeble  turbidity,  which,  acted  upon  by  the  polished 
Eniiaoe  behind,  prodaocs  a  bright  yellow.  As  the  turbidity  augments, 
this  colour  becomes  dense,  until  finally  it  exhibits  an  intense  ruby- 
red.  Supjiosing  this  colour  to  reach  its  greatest  proximity  to  dark- 
ness, the  turbidity  continuing  to  augment  as  before,  wo  shall  have 
behind  the  turbid  meditmi  a  dark  background,  which  appears  first 
violet,  then  dark  blue,  and  finally  light  blue,  thus  completing  the 
cycle  of  the  phenomena.  The  mind  that  conld  ofier  such  an  explana- 
tion as  this  most  be  qualitatively  different  from  that  of  the  natural 
philosopher. 

The  words  "  quite  conveniently  deduced,"  which  I  hare  italicized 
in  the  last  paragraph,  are  also  used  by  Goethe  in  another  place.  When 
the  results  of  his  cxperiroents  on  prismatic  colours  had  to  be  con- 
densed into  one  commanding  inference,  he  enunciated  it  thus : — 
"  TJnd  so  lasscn  sich  die  Farben  bei  Gelegonhcit  der  Befraction  ans 
der  Lohre  von  den  triibon  Mitteln  gar  boquom  ableiten."  This  is  the 
crown  of  his  edifice,  and  it  seems  a  feeble  ending  to  so  much  prepara- 
tion. Kingsloy  once  suggested  to  Lowes  that  Goethe  might  have  had 
a  vague  feeling  that  his  conclusions  were  not  sound,  and  that  he  felt 
the  jealousy  incident  to  imperfect  conviction.  The  ring  of  conscious 
demonstration,  as  it  is  understood  by  the  man  of  science,  is  hardly  to 
be  found  in  the  words  "  gar  bequem  ableiten."  They  fall  flaccid  upon 
the  oar  in  comparison  with  the  mind-compcUing  Q.E.D.  of  Newton. 

Throughout  the  first  350  pages  of  his  work,  wherein  ho  develops 
and  expounds  bis  own  theory,  Goethe  restrains  himself  with  due 
dignity.  Hero  and  there,  there  is  a  rumble  of  discontent  against 
Newton,  but  there  is  no  sustained  ill-temper  or  denunciation.  After, 
however,  having  unfolded  his  own  views,  he  comes  to  what  he  calls 
the  "  unmasking  of  the  theory  of  Newton."  Hero  Goethe  deliberately 
forsakes  the  path  of  calm,  objective  research,  and  delivers  himself 
over  to  the  guidance  of  his  emotions.  Ho  immediately  accuses 
Newton  of  misusing,  as  an  advocate,  his  method  of  ospoaition.  Ho 
goes  over  the  propositions  in  Newton's  optics  one  by  one,  and  makes 
even  the  individual  words  of  the  propositions  the  objects  of  criticism. 
He  passes  on  to  Newton's  experimental  proofs,  invoking,  as  he  does 
80,  the  complete  attention  of  his  readers,  if  they  would  bo  freed  to 
bU  eternity  from  the  slavery  of  a  doctrine  which  has  imposed  upon 
the  world  for  a  hundred  years.  It  might  be  thought  that  Goetho  bad 
given  himself  but  littlo  trouble  to  Tinderstand  the  theorems  of  Newton 
and  tho  cxixirimcnts  on  which  they  were  based.  But  it  would  bo 
unjust  to  charge  tho  poet  with  any  want  of  diligonco  in  this  respect. 
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Be  repeated  Newton's  experimeota,  and  in  almost  every  caae  obtaiaed 
\m  remits.  But  he  complained  ai  their  iDoaaplflteBaH  and  lack  of 
legieal  force.  What  appears  to  oa  ac  the  rtrj  perfecitiuu  of  Newton's 
■tt,  and  abeolntely  essential  to  the  purity  of  the  experiments,  was 
ngHded  by  Goethe  as  needleae  oomplication  and  mere  tortnring  of 
the  K^tt.  He  apared  no  pains  in  making  himself  master  of  Newton's 
data,  bat  he  lacked  the  power  of  penetrating  a&er  their  partioalar 
aignifieaooe,  or  of  estimating  the  force  and  value  of  experimental 
erideoee  generally. 

He  will  not,  he  says,  abook  his  nsden  st  the  oatsut  by  the  otter- 
of  a  paradox,  but  he  osamot  withhold  the  aasialiuu  that  by 
nothing  can  really  be  proved.  Phennmena  may  be  ob* 
■nd  classified ;  experiments  may  be  accurately  executed, 
isd  made  thus  to  lepiosmt  a  certain  circle  ut  human  knowledge; 
ImI  dadoeiions  must  be  drawn  by  every  man  for  himaell  Opinions 
of  things  belong  to  the  individual,  and  we  know  only  too  well  that 
w?ietiop  does  not  depend  upon  insight,  but  upon  will — that  maa 
CBS  oaly  ssaimilate  that  which  is  in  aooordance  with  his  nature, 
asd  to  which  he  can  yield  assent.  In  knowlsdge,  ss  in  action,  ssys 
QoeAe,  prejudice  decides  all,  and  pngndiee,  as  its  aaas  iadiestea,  is 
jii^mtmt  prior  to  investigation.  It  is  aa  tMatatitm  or  a  negation  of 
sftat  oosre^Mods,  or  is  opposed  to  our  owa  aatare.  It  is  the  cheerful 
irtiyity  of  our  living  being  in  its  pnrsnit  of  troth  or  of  frlsehood,  as 
^esae  may  be — of  all,  in  short,  with  which  we  feel  ouxselTts lo  be  in 

Tbsre  oan  be  no  doubt  that  Goethe,  in  thus  philosophizing,  dipped 
Ha  fcfiknt  into  the  well  of  prtrfbond  self-knowledgeb  He  was 
sMaaaly  stnng  to  the  quick  by  the  ae^ect  of  the  physieiatB.  He 
had  been  the  idol  of  the  world,  and  aoeostomed  as  he  was  to  the 
tBcaase  of  praise,  he  felt  sorely  that  any  daaa  of  men  ahould  treat 
•kat  he  thoB^t  important  with  indiflEerenoe  or  contempt.  He 
had,  it  vast  be  mAmitLkA^  some  ground  for  scepticism  as  to  the  recti* 
lads  of  aeJentJficjndgmsnta,  stisiag  that  his  researches  on  morphology 
■•t  at  first  no  resprsise,  dion^  they  were  afterwards  landed  by  scien- 
tiSe  acn.  His  aager  against  Newton  inoorporatoa  itaelf  in  sharp  and 
tsm.  ThroD^  tha  whole  of  Newton's  experimeala,  he  aaya, 
I  a  dif^laj  of  pedaatie  accuracy,  bat  how  the  mattar  really 
,  with  Newtoa'a  gift  of  obaervation,  and  with  hia  enterimenlid 
nan  possessing  eyes  and  senses  may  make  himssK 
It  BMy,  he  sBja,  be  boldly  asked,  Where  can  the  man  be  found, 
J  Ibe  extnwrdisary  gifta  of  Newton,  who  would  suffer  himself 
to  he  dsladad  by  snch  a  hocus  poca*  if  he  had  not  in  the  first  instance 
wflUly  daoeived  himself?  Only  those  who  know  the  strength  of 
■IMaeeptioai,  sad  the  oxtaat  to  which  it  sometimes  trsMcbss  oa 
dSahoBas^.  are  in  a  ooodition  to  explain  the  conduct  of  Newtoa 
af  Sswtca's  ai^ooL  "  To  support  hia  unnatural  theory."  hs  t 
"Kawtoa  hasps  SKpsnatetit  on  experiment,  fiction  npoa  : 
la  dsBxla  wbara  hs  AHaot  eooTinoe." 
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It  may  be  th&t  Goctho  is  oorruct  in  affirming  that  tho  will  and 
nrejadico  of  the  individual  are  all-inflaentiaL  We  moet,  howevor, 
add  tho  qualifying  words,  "as  far  as  the  individual  is  conoemed." 
For  in  science  there  exists,  apart  from  the  individual,  objective  truth; 
and  tho  fate  nf  Goethe's  own  theory,  though  commended  to  as  by  so 
groat  a  name,  illustrates  how,  in  the  progress  of  humanity,  tho  in- 
dividual, if  bo  err,  is  loft  stranded  and  forgotten — truth,  independent 
of  the  individual,  being  more  and  more  grafted  on  to  that  tree  oi 
knowledge  which  is  the  property  of  the  human  race. 

The  imagined  ruin  of  Newton's  theory  did  not  satisfy  Goethe's 
desire  for  completeness.  Uo  would  explore  the  ground  of  Newton's 
error,  and  show  how  it  was  that  one  so  highly  gifted  could  employ 
his  gifts  for  the  enunciation  and  diffusion  of  such  unmitigated 
nonsense.  It  was  impossible  to  solve  the  riddle  on  purely  intel- 
lectnal  grounds.  Scientific  enigmas,  he  says,  are  often  only  capable 
of  ethical  solution,  and  with  this  maxim  in  his  mind  he  applies 
himself,  in  the  second  volume  of  the  '  Farbunlehrc,'  to  the  examina- 
tion of  "Newton's  Personlichkeit."  Ue  seeks  to  connect  liim  with, 
or  rather  to  detach  him  from,  the  general  character  of  the  English 
nation — that  sturdy  and  competent  race,  which  prizes  above  all  things 
the  freedom  of  individual  action.  Newton  was  bom  in  a  storm- 
tossed  time — none  indeed  more  pregnant  in  the  history  of  the  world. 
Uo  was  a  year  old  when  Charles  I.  wos  beheaded,  and  he  lived  to 
see  the  first  George  upon  tho  throne.  Tho  shock  of  parties  was  in 
his  ears,  changes  of  ministries.  Parliaments,  and  armies  wore  occur- 
ring before  his  eyes,  while  the  throne  itself,  instead  of  passing  on  by 
inheritance,  was  taken  possession  of  by  a  stranger.  What,  asks 
Goethe,  are  wo  to  think  of  a  man  who  could  put  aside  the  claims, 
seductions,  and  passions  incident  to  such  a  time,  for  the  purpose  of 
tranquilly  followiug  out  his  bios  as  an  investigator? 

So  singular  a  character  arrests  the  poet's  attention.  He  had  laid 
down  his  theory  of  colours,  he  must  odd  to  it  a  theory  of  Newton. 
The  great  German  is  hero  at  home,  and  Newton  could  probably  no 
more  have  gone  into  these  disquisitiouB  regarding  character,  than 
Goethe  could  have  developed  the  physical  theories  of  Newton. 
He  prefaces  his  sketch  of  hia  rival's  character  by  reflections  and 
considerations  regarding  character  in  general.  Every  living  thing, 
down  to  the  worm  that  wriggles  when  trod  upon,  has  a  character  of 
its  own.  In  this  sense  even  tho  weak  and  cowardly  have  characters, 
for  thoy  will  give  up  the  honour  and  fame  which  most  men  prize 
highest,  so  that  they  may  vegetate  in  safety  and  comfort.  But 
the  word  character  is  usually  applied  to  tho  case  of  an  individual 
with  great  qualities,  who  pursues  his  object  undeviatingly,  and 
without  permitting  either  difficulty  or  danger  to  deflect  him  from  hia 
coarse. 

"Although  here,  as  in  other  cases,"  says  Goethe,  "  it  is  the  exuberant 
(Ueberschwangliche)  that  impresses  the  imagination,  it  must  not  be 
imagined  that  this  attribute  hoe  anything  to  do  with  moral  foeling.    The 
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foundation  of  tho  moral  law  is  a  good  will*  which,  in  accordance 
with  its  own  natnro,  is  anxious  only  for  the  right.  The  main  founda- 
tion of  character  in  a,  $troiuj  will,  without  reft'renco  to  right  or  wrong, 
good  or  bad,  truth  or  error.  It  is  that  quality  which  every  party 
prises  in  its  members.  A  good  will  cherishes  freedom,  it  has  reference 
to  the  inner  man  and  to  ethical  aims.  The  strong  will  belongs  to 
nature  and  has  reference  to  the  outer  world — to  action.  And  inas- 
much as  the  strong  will  in  this  world  is  swayed  and  L'mited  by  the 
conditions  of  life,  it  may  almost  bo  assumed  as  certain  that  it  is  only 
bj  accident  that  the  exercise  of  a  strong  will  and  of  moral  rectitude 
find  thomeolTes  in  harmony  with  each  other,"  In  detcrmiuing 
Newton's  position  in  the  series  of  human  characters,  Goethe '  helps 
himself  to  images  borrowed  from  tho  physical  cohesion  of  matter. 
Thus,  he  says,  we  have  strong,  firm,  compact,  elastic,  flexible,  rigid  or 
obstinate,  and  viscons  characters.  Newton's  character  he  places  under 
the  head  of  rigid  or  obstinate,  and  his  theory  of  colours  Goethe  pro- 
nounces to  be  a  petrified  aper^u. 

Newton's  assertion  of  his  theory,  and  his  unwavering  adherence  to 
it  to  the  end  of  his  life,  Goethe  ascribes  straight  off  to  moral  obliquity 
on  Newton's  part.  In  tho  heat  of  our  discussion,  he  says,  we  have 
flTBD  ascribed  to  him  a  certain  dishonesty.  Man,  he  says,  is  subject 
to  error,  but  when  errors  form  a  series,  which  is  followed  pertina- 
ciously, the  erring  individual  liecomes  fidse  to  himself  and  to  others. 
Neveiibeless  reason  and  conscience  will  not  yield  their  rights.  Wo 
BHy  belie  them,  but  they  are  not  deceived.  It  is  not  too  much  to  say 
that  the  more  moral  and  rational  a  man  is,  the  greater  will  bo  his 
tendency  to  lie  whcu  he  falls  into  error,  and  the  vaster  will  be  that 
error  when  he  makes  up  his  mind  to  persist  in  it. 

This  is  all  intended  to  tlirow  light  upon  Newton,  but  when  Gootho 
psssrn  from  Newton  himself  to  his  followers,  tho  small  amonut  of 
nsBrre  which  he  exhibited  when  dealing  with  the  master  entirely 
disappears.  He  mocks  their  blunders  as  having  not  even  the  merit  of 
coiginality.  Ho  heaps  scorn  on  Newton's  imitators.  The  expression 
of  even  a  truth,  he  says,  li:«e8  grace  in  repetition,  while  the  repetition 
of  a  blunder  is  impertinent  and  ridiculous.  To  liberate  oneself  from 
■a  error  is  difficult,  sometimes  indeed  impossible  for  even  the  strongest 
and  most  gifted  minds.  But  to  take  up  the  error  of  another,  and  per- 
sist in  it  with  stiffiuocked  obstinacy,  is  a  proof  of  poor  qualities.  The 
obstinaicy  of  a  man  of  originality  when  he  errs  may  make  us  angry,  but 
the  stupidity  of  the  copyist  irritates  and  renders  us  miiorable.  And  if  in 
our  strife  with  Newton  wo  have  sometimes  passed  the  bounds  of  modo- 
ration,  tho  whole  blame  is  to  bo  laid  upon  tho  school  of  which  Newton 
was  tho  head,  whose  incompetence  is  proportional  to  its  arrogance, 
whose  laziness  is  proportional  to  its  self-suflScioncy,  and  whose  virulence 
nd  loTO  of  persecution  hold  each  other  in  perfect  equilibrium. 


•  I  h»Tn  niijwn^l  {}.»'th«»  " cute  Wille "  by  9<«J  will ;  bii  " WoIIbi,"  which 
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Tbcx«  is  »  groat  deal  more  inTective  of  tbu  kind,  bat  yon 
probably,  and  not  withoot  aadneM,  consider  this  enough.  InTet 
may  be  a  sharp  weapon,  bnt  orer-osc  blnnts  its  edge.  Eyen  when 
dennnciation  ia  just  and  trae,  it  is  an  error  of  art  to  indolg 
it  too  long.  We  not  only  incur  the  risk  of  becoming  vapid,  bn 
actually  inverting  the  force  of  reprobation  which  we  seek  to  an 
and  of  bringing  it  back  by  recoil  upon  onreolTes.  At  suitable  inter 
•eparated  from  each  other  by  periods  of  dignified  reserve,  invective 
become  a  real  power  of  the  tongue  or  pen.  Bnt  indulged  in  consta 
it  degenerates  into  scolding,  and  thon,  instead  of  being  regordei 
a  proof  of  atrength,  it  is  accepted,  even  in  the  case  of  a  Qoethe,  a 
evidence  of  weMmeas  and  lack  of  self -con  troL 

If  it  were  possible  to  receive  upon  a  mirror  Goethe's  ethical  ia 
of  Newton  and  to  reflect  it  back  upon  its  author,  then,  as  regi 
vehement  persiHtonco  in  wrong  thinking,  the  imago  would  aocnra 
coincide  with  Goethe  himself.  It  may  bo  said  that  we  can  only  s 
the  character  of  another  by  the  observation  of  our  own.  This  is  t 
bnt  in  the  portraiture  of  character  wo  are  not  at  liberty  to 
together  subject  and  object  as  Goethe  mixed  himself  with  Nen 
So  much  for  the  purely  ethical  picture.  On  the  scientific  side  sc 
thing  more  is  to  be  said.  I  do  not  know  whether  psycbolog 
have  sufficiently  taken  into  account  that  as  regards  intellectuid  end 
ment,  vast  wealth  may  co-exist  with  extreme  poverty.  I  do  not  n 
to  give  utterance  here  to  the  truism  that  the  field  of  culture  it 
large  that  the  most  gifted  can  master  only  a  portion  of  it.  "] 
would  be  the  case  supposing  the  individual  at  starting  to  be 
regards  natural  capacity  and  potentiality,  rounded  like  a  spl 
Something  more  radical  is  here  reforred  to.  There  are  individ 
who  at  starting  are  not  spheres,  but  hemispheres  ;  or,  at  least,  sph 
with  a  segment  sliced  away — full  orbed  on  one  side,  but  flat  upon 
other.  Such  incompletcuoss  of  the  mental  organization  no  educa 
can  repair.  Now  the  field  of  science  is  sufficiently  large,  and 
studies  sufficiently  varied,  to  bring  to  light  in  the  same  indivii 
antitheses  of  endowment  like  that  here  indicated 

So  far  as  science  is  a  work  of  ordering  and  classification,  so  fn 
it  consiBts  in  the  discovery  of  analogies  and  resemblances  w1 
escape  the  common  eye — of  the  fundamental  identity  which  o 
exists  among  apparently  diverse  and  unrelated  things — so  &t 
■hort,  as  it  ia  observational,  descriptive,  and  imaginative,  Goc 
had  he  chosen  to  make  his  culture  exclusively  scientific,  might  1 
been  without  a  master,  perhaps  oven  without  a  rival.  The  insti 
and  capacities  of  the  poet  lend  themBelves  freely  to  the  nat 
history  soienoos.  But  when  we  have  to  deal  with  stringently  phyt 
and  mechanical  conceptions,  such  instincts  and  capacities  are  on 
place.  It  was  in  this  region  of  mechanical  conceptions  that  Gro< 
failed.  It  was  on  this  side  that  his  sphere  of  capacity  was  si 
away.  He  probably  was  not  the  only  groat  man  who  possessc 
spirit  thus  antithetically  mixed.     Aristotlo  himself  was  a  mi| 
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elaasifier,  bat  not  a  etringcnt  pbysical  reasoner.  And  had  Newton 
attempted  to  j)roduce  a  Faust,  the  poverty  of  his  intellect  on  the 
poetic  and  dramatic  side  might  have  been  rendered  equally  manifest. 
Bnt  here,  if  not  always,  Newton  abstained  from  attempting  that  for 
which  he  had  no  capacity,  while  the  exuberance  of  Goethe's  nature 
oanaed  him  to  undertake  a  task  for  which  he  had  neither  ordination 
nor  vocation,  and  in  the  attempted  execution  of  which  his  deficiencies 
became  revealed. 

One  task  among  many — one  defeat  amid  a  hundred  triumphs.  Bnt 
any  recognition  on  my  port  of  Goethe's  achievements  in  other  realms 
of  intellectual  action  would,  I  fear,  be  regarded  as  impertinent.  Ton 
remember  the  story  of  the  first  Napoleon  when  the  Austrian  plenipo- 
tentiary, in  arranging  a  treaty  of  peace,  began  by  formally  recognizing 
the  French  Republic.  ''  Efiifico  that,"  said  the  First  Consul ;  "  the 
French  Bepublic  is  like  the  sun ;  he  is  blind  who  fails  tn  recognize 
it"  And  were  I  to  speak  of  recognizing  Goethe's  merits,  my  efiacement 
would  be  equally  well  deserved.  "  Goethe's  life,"  says  Carlyle,  "  if 
wo  examine  it,  is  well  represented  in  that  emblem  of  a  solar  day. 
Beautifully  rose  our  summer  sun,  gorgeous  in  the  red,  fervid  east. 
Mattering  the  spectres  and  sickly  damps,  of  both  of  which  there  wore 
enoagh  to  scatter;  strong,  benignant,  in  his  noonday  clearness, 
walking  triumphant  through  the  upper  realms — and  now  mark  also 
how  he  sets  t     '  So  stirbt  oiu  Held  ; '  so  dies  a  hero  t  " 

Two  grander  illustrations  of  the  aphorism  "  To  orr  is  human " 
CMi  hardly  be  pointed  out  in  history  than  Newton  and  Goethe.  For 
Newton  went  astray  not  only  as  regards  the  question  of  achromatism, 
bnt  also  as  regMds  vastly  larger  questions  touching  the  nature  of 
light.  But  though  as  errors  they  fall  into  the  same  category,  the 
mistake  of  Newton  was  qualitatively  different  from  that  of  Goethe. 
Newton  erred  in  adopting  a  wrong  mechanical  conception  in  his 
theory  of  light,  bnt  in  doing  so  he  never  for  a  moment  quitted  the 
ground  of  strict  scientific  metho<l.  Goethe  erred  in  seeking  to 
engraft  in  his  '  Farbenlchre  '  mcthi»ds  altogether  foreign  to  physics  on 
to  the  treatment  of  a  purely  physical  theme. 

Wo  frequently  hear  prutotits  made  against  the  cold  mechanical 
mode  of  dealing  with  (esthetic  phenomena  employed  by  scientific 
men.  The  dissection  by  Newton  of  the  light  to  which  the  world 
ow«a  all  its  visible  beanty  and  splendour  seemed  to  Goetho  a  desecra- 
tion. We  find,  even  in  our  own  day,  the  endeavonr  of  Helinholtz  to 
arrive  at  the  principles  of  harmony  and  discord  in  music  resented  aa 
an  intrusion  of  the  scientific  intellect  into  a  region  which  ought  to  be 
ncrod  to  the  human  heart.  But  all  this  opposition  and  antagonism 
baa  for  its  osseutial  cause  the  incompleteness  of  those  with  whom  it 
originates.  The  ft>elings  and  aims  with  which  Newton  and  Goethe 
respectively  approached  Nature  were  radically  different,  but  they  had 
an  eqnal  warrant  in  the  constitution  of  man.  As  regards  onr  tastes 
and  tcndencioa,  our  pleasnroe  and  pains,  physical  and  mental,  our 
action  and  paaaion,  our  sorrows,  sym^tathics,  and  joys,  wo  are  the 
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boirs  of  all  tbo  ages  that  preceded  ns  ;  and  of  the  human  nature  thug 
handed  down  poetry  is  an  element  jtut  ae  much  as  science.  The 
emotions  of  man  are  older  than  his  nnderstandiog,  and  the  poet 
who  briphteng,  purifiee,  and  osaltR  these  emotiong  may  claim  a  posi- 
tion in  the  world  at  least  as  liigh  and  as  well  assured  as  that  of  the 
man  of  8cionc«.  They  minister  to  different  but  to  equally  permanent 
needs  of  human  nature ;  and  the  incompleteness  of  which  I  complain 
consists  in  the  endeavour  on  the  part  of  either  to  exclude  the  other. 
There  is  no  fear  that  the  man  of  science  can  ever  destroy  the  glory  of 
the  lilies  of  the  6old ;  there  is  no  hope  that  the  poot  can  ever  snccoB»- 
folly  contend  against  our  right  to  examine,  in  accordance  with  scientifio 
method,  the  agent  to  which  the  lily  owes  its  glory.  There  is  no 
necessary  encroachment  of  tho  one  field  upon  the  other.  Nature  em- 
braces them  both,  and  man,  when  he  is  complete,  will  exhibit  as  large 
a  toleration. 

[J.  T.] 
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GENERAL  MONTHLY  MEETING, 
Monday,  April  5, 1880. 

Gbobox  Busk,  Esq.  F.B.S.  Treasnror  and  Yioo-President,  in  the  Cbair. 

Professor  James  Dewar,  M.A.  F.B.S. 

Walter  Hills,  Esq. 

Rev.  Williain  Tbomas  Honlds worth, 

Mrs.  W.  T.  Houldsworth, 

Mrs.  William  Huggins, 

George  Kelly,  Esq.  F,R.M.S. 

Cecil  Paget,  Esq. 

Capt.  Matthew  Henry  Pnrcell,  R.E. 

Stephen  A.  RaUi,  Esq. 

Peter  Wyatt  Squire,  Esq.  F.L.8. 

Capt.  Henry  J.  L.  Tumbull,  R.  A. 

^elected  Members  of  the  Royal  Institatioi^ 

The  Thanks  of  the  Members  were  given  to  Mr.  Wabrkn  Di  La 
[Sirs,  the  Secretary,  for  his  present  of  Bertin's  Decomposition  Appa- 
ntos  (for  Electrolysis). 

The  Paxsmrs  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Membora  retomod  for  the  same,  viz. : — 


•  Gtntral  of  India : — 
Oenlogiaal  Sorrey  of  India : 
Bwxwda.  VoL  XIII.  Port  1.    8to.    1880. 

^  OoMmmmt— tiUtisticB  for  1878.    foL     1879. 
Jtiodemfa  iri  Lined,  Bealt,  Roma — Atti,  Sorio  Tena:  Tranmnti:  Tome  TV. 

FoK. »     Ho.     1879. 
J<*Mr««, /n<(i(u<co/— Joiimril.  Nn.  118.    8to.     1879. 
A^raaemital  Boeitlu,  JioyaJ— Monthly  Notice^  Vol.  XL.  Na  4.    8va    1880. 

MMMrflB,  Vol.  XU.     4to.     1879. 
StimUtr,  n»  Lady  ((A«  £<li(or)  — Seleotioni  from  tha  Letlan  of  8U  Heniy 
Oodrincton.     ttito.     1880. 

"  'i  ArMttU,  Soval  TnMvU  o/— 1879-80 :  Proceeding*,  No.  10. 
icUoM^  Ko.  6.    4(0. 

I  Setdtif    Journal  for  March,  1880.    8to. 
t;  BteUU  d$  Amla— Bulletin* :  2*  Btti*:  Qninxiime  Ann^:  Trimaitrs  1. 
•vs.    Dki,1878. 


[Aprils, 


Sfo. 


VoLILNVS.  8to.   1890. 

1M3.  aadcd.   imo. 

■itaBT.  VoL  L  Put  7.    Zoolagy, 

Mm.    9«<iL    U80. 

■1  «r  tk«  BujibI  Society  : 

S^HL    8*0^    M80. 

Yd.  IV.  No.  Sl    9(ik    1880. 
iiMrtirirlitt:  Deei  1879.    8ti. 
T«L  XXVUL  FMt  3.     VoL  XXIX. 


I 


ins-a. 

ir«.MI.    9*ik.    I880i 

TaLX.nrtt.    8ml    1879. 

laaiL  8TC). 

■Ml.  PiHti »,  at.  8v«  usa 

.Immi  ••  JVmmn— TarimdlaMeD.  1880  : 
WM.  Dr  H.  <tk  miwtw)     »— Iw  •!«  PfcywtilMihw  GMnl-OtMnrnloriimia, 
WHd  TifOfrafkiad  Atrntiatiom — Joonal,  Put  81.    8to. 
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WEEKLY  EVENING  MEETING, 

Friday,  April  9,  1880. 

GcoBOB  BuBK,  Esq.  FJi.S.  Treasurer  and  Vico-President, 
in  the  Chair. 

PEorrasoB  T.  H.  Huxlit,  LL.D.  F.E.8.  4«. 

The  Coming  of  Age  of '  The  Origin  of  Speciee.' 

[Beprinted  rrom  ■  Nature,'  Hay  6,  1880.] 

Mant  of  yon  will  bo  familiar  with  the  aspect  of  thia  small  green- 
eorered  book.  It  is  a  copy  of  the  first  odition  of  the  'Origin  of 
ApeoMa,'  and  bears  the  date  of  its  production — the  Ist  of  October, 
1859.  Only  a  few  months,  therefore,  are  needed  to  complete  the 
foil  tale  of  twenty-one  years  since  its  birthday. 

Those  whose  memories  carry  them  back  to  this  time  will 
SHMmber  that  the  infant  was  remarkably  lively,  and  that  a  great 
nmnbor  of  excellent  persons  mistook  its  manifestations  of  a  vigorooa 
individuality  for  mere  naughtiness ;  in  fact  there  was  a  very  pretty 
turmoil  about  its  cradle.  My  recollections  of  the  period  are  particu- 
larly vivid ;  for,  having  conceived  a  tender  affection  for  a  child  of 
what  appeared  to  mo  to  be  such  remarkable  promise,  I  acted  for 
some  time  in  the  capacity  of  a  sort  of  nndcr-narso,  and  thus  come 
in  for  my  share  of  the  storms  which  threatened  tbo  very  life  of  tho 
young  creature.  For  some  years  it  was  undoubtedly  warm  work; 
iHik  oooaidoring  how  exceedingly  nnpleasant  the  apparition  of  tlie 
aew-oomer  must  have  been  to  those  who  did  not  &11  in  love  with 
him  at  first  sight,  I  think  it  is  to  the  credit  of  our  agro  that  tho  war 
was  noi  fiercer,  and  that  tho  more  bitter  and  onscmpalona  forms  of 
apposition  died  away  as  soon  as  they  did. 

I  tpeak  of  this  period  as  of  something  post  and  gone,  possessing 
■tenly  an  historical,  I  had  almost  said  an  antiquarian  interest.  For, 
dazing  the  second  decade  of  the  existence  of  the  '  Origin  of  Species,' 
oppoatioo,  though  by  no  means  dead,  ossomed  a  different  aspect. 
On  the  part  of  idl  those  who  had  any  reason  to  respect  themselves, 
k  Msaiied  a  thoroughly  respectful  character.  By  this  time  th« 
inllsrt  began  to  perceive  that  the  child  was  not  likrly  to  porioh  of 
Wy  oaagcnital  woakneas  or  infantile  disorder,  but  was  growing  into  a 
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sUlwnrt  personage,  upon  whom  mere  goody  eooldiogs  and  throatemngs 
with  tho  birch-rod  were  quite  thrown  away. 

In  fact,  thoao  who  have  watched  tho  progress  of  science  within 
the  Ltst  ten  years  will  bear  me  out  to  the  full  when  I  assert  that 
there  is  no  field  of  biological  inquiry  in  which  the  influence  of  the 
'  Origin  of  Species  '  is  not  traceable  ;  the  foremost  men  of  science  in 
every  country  are  either  avowed  ohampions  of  its  leading  doctrines, 
or  at  any  rate  abstain  from  opposing  them ;  a  host  of  young  and 
ardent  investigators  seek  for  and  find  inspiration  and  guidance  in 
Mr.  Darwin's  great  work ;  and  the  general  doctrine  of  Evolution,  to 
one  side  of  which  it  gives  expression,  finds  in  the  phenomena  of 
biology  a  firm  base  of  operations  whence  it  may  conduct  its  conquest 
of  the  whole  realm  of  nature. 

History  warns  us,  however,  that  it  is  the  customary  fate  of  new 
truths  to  begin  as  heresies  and  to  end  as  superstitions ;  and,  as 
matters  now  stand,  it  is  hardly  rash  to  anticipate  that,  in  another 
twenty  years,  the  new  generation,  educated  under  the  influences  of 
the  present  day,  will  bo  in  danger  of  accepting  tho  main  doctrines 
of  the  '  Origin  of  Species  '  with  as  little  reflection,  and  it  may  bo  with 
as  little  justification,  as  so  many  of  our  contemporaries,  twenty  years 
ago,  rejected  them. 

Against  any  snch  a  consummation  lot  ns  all  devoutly  pray;  for 
the  scientific  spirit  is  of  more  value  than  its  prixlucts,  and  irration- 
ally-held tmtbs  may  bo  more  harmful  than  reasoned  errors.  Now 
the  essence  of  the  scientific  spirit  is  criticism.  It  tells  us  that  to 
whatover  doctrine  claims  our  assent  we  should  reply,  Take  it  if 
you  can  compel  it.  The  struggle  for  existence  holds  as  much  in  the 
intellectual  as  in  the  physical  world.  A  theory  is  a  species  of  think- 
ing, and  its  right  to  exist  is  coextensive  with  its  power  of  resisting 
extinction  by  its  rivals. 

From  this  point  of  view  it  appears  to  me  that  it  would  be  but  a 
poor  way  of  celebrating  tho  Coming  of  Ago  of  the  '  Origin  of  Species' 
were  I  merely  to  dwell  upon  tho  facts,  undoubted  and  remarkable  as 
they  are,  of  its  far-roaching  influence  and  of  tho  great  following  of 
arlont  disci ])les  wlio  nro  occupied  in  sprcoding  and  developing  its 
doctrines.  Mere  insanities  and  inanities  Imvo  before  now  swollen  to 
portentous  size  in  the  course  of  twenty  years.  Lot  us  rather  ask 
this  prodigious  change  in  opinion  to  justify  itself;  let  us  inquire 
whether  anything  hns  hapi>ened  since  1859  which  will  explain,  on 
rational  groimds,  why  so  many  are  worshipping  that  which  they 
burned,  and  burning  that  which  they  worshipped.  It  is  only  in  this 
way  that  we  shall  acquire  tho  moans  of  judging  whether  tho  move- 
ment wo  have  witnessed  is  a  more  eddy  of  fashion,  or  truly  one  with 
the  irreversiblo  current  of  intellectual  progress,  and,  like  it,  safe  from 
retrogressive  reaction. 

Every  belief  is  the  product  of  two  factors :  the  first  is  the  state 
of  the  njind  to  which  the  ovidonco  in  favour  of  that  belief  is 
presented ;  and  the  second  is  the  logical  cogency  of  the  evidence 
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itaelfl  In  both  these  respects  the  historj  of  biological  ecieiice 
during  tlio  lost  twenty  years  appears  to  me  to  afford  an  ample 
explauatiiin  of  tlie  change  which  has  taken  place ;  and  a  brief 
consideration  of  tbo  salient  events  of  that  history  will  enable  ns  to 
understand  why,  if  the  '  Origin  of  Species '  appeared  now,  it  would 
meet  with  a  very  different  reception  from  that  which  greeted  it  in  A 
1859.  * 

One-and-twenty  years  ago,  in  spite  of  the  work  commenced  by 
Hntton  and  continued  with  rare  skill  and  patience  by  Lycll,  the 
dominant  view  of  the  post  history  of  the  earth  was  catastrophic.  ■ 
Gre«t  and  sudden  physical  revolntions,  wholesale  creations  and  " 
extinctions  of  living  beings,  were  the  ordinary  machinery  of  the 
geological  epic  brought  into  fashion  by  the  misapplied  gcnins  of 
Cnvier.  It  was  gravely  maintained  and  taught  that  the  end  of 
every  geologicad  epoch  was  signalized  by  a  cataclysm,  by  which 
every  Uving  being  on  the  globe  was  swept  away,  to  be  replaced  by 
ft  brand-new  creation  when  the  world  returned  to  quiescence.  A 
scheme  of  nature  which  appeared  to  be  modelled  on  the  likeness 
of  a  ancecssion  of  rubbers  of  whist,  at  the  end  of  each  of  which  the 
players  upset  the  table  and  called  for  a  now  pack,  did  not  seem  to 
shock  anybody. 

I  may  be  wrong,  but  I  doubt  if  at  the  present  time  there  is  a 
single  responsible  representative  of  these  opinions  left.  The  pro- 
gress of  scientific  geology  has  elevated  the  ftmdamontal  principle 
of  nnifonnitarianism,  that  the  explanation  of  the  past  is  to  be  sought 
in  the  study  of  the  present,  into  the  position  of  on  axiom ;  and  the 
wild  spccnlationB  of  the  catastrophists,  to  which  we  all  listened  with 
respect  a  quarter  of  a  century  ago,  would  hardly  find  a  single  patient 
hearer  at  the  present  day.  No  physical  geologist  now  dreams  of 
seeking  outside  the  range  of  known  natural  causes  for  the  explana- 
tion  of  anything  that  happened  millions  of  years  ago,  any  more 
than  he  would  be  guilty  of  the  like  absurdity  in  regard  to  current 
events. 

The  effect  of  this  change  of  opinion  upon  biological  speculation 
is  obvious.  For,  if  there  have  been  no  periodical  general  physical 
catastrophes,  what  brought  about  the  assumed  general  extinctions  and 
n-creations  of  life  which  are  the  corresponding  biological  catas- 

hes?     And  if  no  such  interruptions  of  the  ordinary  course  of 

re   have   taken    place   in   the   organic,   any   more   tiian    in    the 

inorganic,   world,  what   alternative   is    there   to  the  admission  of 
evolution  ? 

The  doctrine  of  evolution  in  biology  is  the  necessary  result  of  tlie 
logical   application   of  the  principles  of  nuiformitarianism   to   the 

Eihonomena  of  life.     Darwin  is  the  natural  snooeaaor  of  Hutton  and 
ijell,  and  the  'Origin  of  Spocios'  the  logioJ  sequouoo  of  the 
'  Prinoiplofl  of  Qoology.V 

The  fundamental  doctrine  of  the  '  Origin  of  Species,'  as  of 
tonoM  at  the  theory  of  evolution  applied  to  biology,  is  "  that 
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innnmerable  Bpeoioe,  genera,  and  families  of  organio  beings  with 
which  the  world  is  peopled  hare  all  descended,  each  within  its  own 
class  or  gronp,  from  common  parents,  and  have  all  been  modified  in 
the  oonrse  of  descent."* 

And,  in  view  of  the  facts  of  geology,  it  foUows  that  all  living 
animals  and  plants  "are  the  lineal  descendants  of  those  which  lived 
long  before  the  Silorian  epoch."  t 

It  is  an  obvious  oonseqoence  of  this  theory  of  descent  with 
modification,  as  it  is  sometimes  called,  that  all  plants  and  animalB, 
however  different  they  may  now  be,  must,  at  one  time  or  other,  have 
been  connected  by  direct  or  indirect  intermediate  gradations,  and  that 

I'tiie  appearance  of  isolation  presented  by  various  groups  of  organic 
beings  must  be  unreal. 

No  part  of  Mr.  Darwin's  work  ran  more  directly  counter  to  the 
prepossessions  of  naturalists  twenty  years  ago  than  this.  And  such 
prepossessions  were  very  excusable,  for  there  was  undoubtedly  a 
great  deal  to  be  said  at  that  time  in  favour  of  the  fixity  of  species  and 
of  the  ezistenoe  of  great  breaks,  which  there  was  no  obvious  or 
probable  means  of  ^ng  up,  between  various  groups  of  organio 
beings. 

For  various  reosonR,  scientific  and  unscientific,  much  had  been 
mode  of  the  hiatus  between  man  and  the  rest  of  the  higher  mammalia, 
and  it  is  no  wonder  that  issue  was  first  joined  on  this  part  of  the 
controversy.  I  have  no  wish  to  revive  past  and  happily  forgotten 
controversies;  but  I  must  state  the  simple  fact  that  the  distinctions  in 
cerebral  and  other  characters,  whicli  were  so  hotly  affirmed  to  sepa- 

r  rate  man  from  all  other  animals  in  I860,  have  all  been  demonstrated 

I  to  be  non-existent,  and  that  the  contrary  doctrine  is  now  nniversally 

pMoepted  and  taught. 

T  But  there  were  other  cases  in  which  the  wide  structural  gape 
asserted  to  exist  between  one  gronp  of  animals  and  another  were  by 
no  means  fictitious ;  and,  when  such  structural  breaks  were  real,  Mr. 
Darwin  could  account  for  them  only  by  sujiposing  that  the  inter- 
mediate forms  which  once  existed  had  become  extinct.  In  a  remark- 
able passage  he  says : — 

"  We  may  thus  account  even  for  the  distinctness  of  whole  classes 
from  each  other — for  instance,  of  birds  from  all  other  vertebrate 
animals — by  the  belief  that  many  animal  forms  of  life  have  been 
ntterly  lost,  through  which  the  early  progenitors  of  birds  were 
formerly  connected  with  the  early  progenitors  of  the  other  vertebrate 
classes."  \ 

Adverse  criticism  made  merry  over  such  suggoBtions  as  these. 
Of  course  it  was  easy  to  got  out  of  the  difBeulty  by  supposing 
extinction ;  but  where  was  the  slightest  evidence  that  such  intermediate 
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forms  between  birds  and  reptiles  as  the  hTpotbesis  reqairod  ever 
existed  ?  And  then  probably  followed  a  tirade  apon  this  terrible 
fonaking  of  tbe  paths  of  "  Baconian  induction." 

But  the  progress  uf  knowledge  has  justified  Mr.  Darwin  to  an 
extent  which  could  hardly  have  been  anticipated.  In  1862,  the 
specimen  of  ArcJuarpteryx,  which  until  the  last  two  or  three  years  has 
remained  unique,  was  discoTcrcd ;  and  it  is  an  animal  which,  in  its 
feathers  and  the  greater  part  of  its  organization,  is  a  veritable  bird, 
while  in  other  parts  it  is  as  distinctly  reptilian. 

In  18C8,  I  had  the  honour  of  bringing  nndor  your  notice  in  this 
theatre  the  results  of  investigations  made,  up  to  that  time,  into  the 
anatomical  characters  of  certain  ancient  reptiles,  which  showed  the 
nature  of  the  modifications  in  virtue  of  which  the  type  of  the 
qnadrupodal  reptile  passed  into  that  of  a  bipedal  bird ;  and  abundant 
confirmatory  evidence  of  the  justice  of  the  conclusions  which  I  then 
laid  before  yon  has  since  come  to  light. 

In  1875,  the  discovery  of  the  toothed  birds  of  the  cretaceons 
formation  in  North  America  by  Professor  Marsh  completed  the  series 
of  transitional  forms  between  birds  and  reptiles,  and  removed  Mr. 
Darwin's  pro]>08ition  that  "  many  animal  forms  of  life  have  been 
utterly  lost,  through  which  the  early  progenitors  of  birds  were 
formerly  connected  with  the  early  progenitors  of  the  other  vertebrate 
elassM."  from  the  region  of  liypothcsis  to  that  of  demonstrable  fact. 

In  1859,  there  appeared  to  bo  a  very  sharp  and  clear  hiatus 
between  vertebratcd  and  invortebrated  animals,  not  only  in  their 
■trnctnre,  but,  what  was  more  important,  in  their  development.  I  do 
not  think  that  we  even  yet  know  the  precise  links  of  connection 
between  the  two;  but  the  investigations  of  Eowalewsky  and  others 
npon  the  development  of  Amphioxut  and  of  the  Tunieala  prove 
beyond  a  doubt  that  the  differences  which  were  supposed  to  constitute 
a  barrier  between  the  two  are  non-existent.  There  is  no  longer  any 
difficulty  in  understanding  how  the  vertebrate  type  may  have  arisen 
ftfita  the  invertebrate,  though  the  full  proof  of  the  manner  in  which 
tbe  transition  was  actually  effected  may  still  be  lacking. 

Again,  in  1859,  there  appeared  to  be  a  no  less  sharp  separation 
between  the  two  great  groups  of  flowering  and  flowcrlcss  plants.  It 
is  only  subsociuontly  that  the  series  of  remarkable  investigations 
IBMigarattxl  by  UufiuoiKtor  lias  bronght  to  light  the  extraordinary  and 
■llOHsUior  unox|H<ctt<d  modifications  of  the  repnKluctivo  apparatus 
in  the  Lyc<ipoduicect,  the  Bhiioearpeve,  and  the  Gi/mnotjurrmetr,  by 
which  the  fixns  and  the  mosses  are  gradually  connvctml  with  the 
Phanerogamic  division  of  the  vegetable  world. 

So,  again,  it  is  only  since  1859  that  we  have  acquired  that  wealth 
of  knowledge  of  the  lowest  forms  of  life  which  demonstrates  the 
futility  of  any  attempt  to  separate  the  lowest  plants  from  tlio  lowest 
animals,  and  shows  that  the  two  kingdoms  of  living  nature  have  a 
oommon  Ixirdcrland  which  belongs  to  both  or  to  neither. 

Thus  it  will  bo  observed  that  the  whole  tendency  of  biological 
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invostigation  sinoo  1859  has  been  in  the  direction  of  remoTing 
diffioaltios  which  the  apparent  breaks  in  the  series  created  at  that 
time  ;  aod  the  recognition  of  gradation  is  the  first  stop  towards  the 
•oceptance  of  evolution.  j 

As  another  groat  factor  in  bringing  abont  the  change  of  opinioin 
which  has  taken  place  among  naturalists,  I  count  the  astonishing 
progress  which  has  been  made  in  the  study  of  embryology.  Twenty 
years  ago,  not  only  were  we  devoid  of  any  accurate  knowledge  of  the 
modo  of  development  of  many  groups  of  animals  and  plants,  but  the 
methods  of  investigation  were  rude  and  imperfect.  At  the  present 
time  there  is  no  imixjrtant  group  of  organic  beings  the  development 
of  which  has  not  been  carefully  studied,  and  the  modem  methods  of 
hardening  and  section-making  enable  the  cmbryologist  to  determine 
the  nature  of  the  process  in  each  case  with  a  degree  of  minuteness 
and  acc\iracy  which  is  truly  astonishing  to  those  whose  memories 
carry  thorn  bock  to  the  beginnings  of  modem  histology.  And  the 
resiilta  of  these  ombryological  investigations  are  in  complete  harmony 
with  the  requirements  of  the  doctrine  of  evolution.  The  first  begin- 
nings of  all  the  higher  forms  of  animal  life  are  similar,  and  however 
iliverso  their  adult  conditions,  thoy  start  from  a  common  fonndiition. 
Moreover,  the  process  of  devolopniont  of  the  animal  or  tlio  ]>lant  frr>in 
its  primary  egg  or  germ  is  a  true  process  of  evolution — a  prc>gres8 
from  almost  formless  to  more  or  Iobs  highly  organized  matter,  inu 
virtue  of  the  properties  inherent  in  that  matter.  ^ 

To  those  wlio  are  familiar  with  the  process  of  development,  all  a 
priori  objections  to  the  doctrine  of  biological  evolution  appear  childish. 
Any  ono  who  has  watched  the  gradual  formation  of  a  complicated 
animal  from  the  protoplasmic  nuiss  which  constitutes  the  essential 
clement  of  a  frog's  or  a,  hen's  egg  has  hod  under  his  eyes  sufficient 
evideuoo  that  a  similar  evolution  of  the  whole  animal  world  from  the 
like  foundation  is,  at  any  rate,  possible. 

Yet  another  product  of  investigation  has  largely  contributed  to 
the  ronioval  of  the  objections  to  tho  doctrine  of  evolution  current  in 
18.50.  It  is  the  proof  offorded  by  successive  discoveries  that  Mr. 
Darwin  did  not  over-estimato  tho  imperfection  of  the  geological 
record.  Mo  more  striking  illustration  of  this  is  need^  than  a 
comparison  of  our  knowledge  of  tho  mamnmlian  fauna  of  tho  Tertiary 
epoch  in  1869  with  its  present  condition.  M.  Gaudry's  rosoarches 
on  the  fossils  of  Pikormi  wore  published  in  1868,  those  of  Messrs. 
Leidy,  Marsh,  and  Cope  on  tho  fossils  of  the  Western  Territories  of 
America  have  appeared  almost  wholly  since  1870,  those  of  M.  Filhol 
un  the  phos[)horite8  of  Quercy  in  1878.  The  general  effect  of  tliese 
investigations  has  been  to  introduce  to  us  a  multitude  of  extinct 
animals,  tho  existence  of  which  wiis  previously  hardly  suspected ;  just 
OS  if  zoologists  were  to  boconio  acquainted  with  a  country,  hitherto 
unknown,  as  rich  in  novel  forms  of  life  as  Brazil  or  South  Africa 
onco  wero  to  EurojMmns.  Indeed  the  fossil  fauna  of  the  Western 
Territories  of  America  bids  fair  to  exceed  in  interest  and  importance 
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all  other  known  Tertiary  doposits  pnt  together ;  and  yet,  with  the 
exception  of  the  case  of  the  American  tertiaries,  theso  investigations 
have  extended  over  very  limited  areas,  and  at  Pikcrmi  were  confined 
to  an  extremely  small  space. 

Such  appear  to  me  to  be  the  chief  events  in  the  history  of  the 
progress  of  knowledge  during  the  last  twenty  years,  which  occonnt  for 
the  changed  fooling  with  which  the  doctrine  of  evolution  is  at  present 
regarded  by  those  who  have  followed  the  advance  of  biological  science, 
in  respect  of  those  problems  which  bear  indirectly  upon  that  doctrine. 

But  all  this  remains  mere  secondary  evidence.  It  may  remove 
disaent,  but  it  docs  not  compel  assent.  Primary  and  direct  evidence 
is  favoor  of  evolution  can  be  furnished  only  by  paleontology.  The 
geological  record,  so  soon  as  it  approaches  completeness,  must,  when 
properly  questioned,  yield  either  an  affirmative  or  a  negative  answer : 
if  evolution  has  taken  place,  there  will  its  mark  be  left ;  if  it  has  not 
taken  place,  there  will  lie  its  refutation. 

What  was  the  state  of  matters  in  1859  ?  Let  us  hear  Mr.  Darwin, 
who  may  be  trusted  always  to  state  the  case  against  himself  as  strongly 
M  poBsible. 

"On  this  doctrine  of  the  extermination  of  an  infinitude  of  con- 
necting links  between  the  living  and  extinct  inhabitants  of  the  world, 
and  at  each  successive  period  between  the  extinct  and  still  older 
species,  why  is  not  every  geological  formation  charged  with  such 
links  ?  Wliy  does  not  every  collection  of  fossil  remains  afiurd  plain 
evidence  of  the  gradation  and  mutation  of  the  forms  of  life?  Wo 
meet  with  no  such  evidence,  and  this  is  the  most  obvious  and 
plausible  of  the  many  objections  which  may  bo  nrgod  against  my 
'.theory."  • 

Nothing  could  have  been  more  nsefol  to  the  opposition  than  this 
characteristically  candid  avowal,  twisted  as  it  immediately  was  into 
■n  admission  that  the  writer's  views  were  contriulictod  by  the  facts  of 
p>la«ont<>logy.  But,  in  fact,  Mr.  Darwin  made  no  snch  admission. 
\Vbat  ho  says  in  effect  is,  not  that  palicontological  evidence  is  against 
him,  but  that  it  is  not  distinctly  in  his  favour  ;  and  without  attempt- 
ing to  attenuate  the  fact,  ho  accounts  for  it  by  the  scantiness  and  the 
imperfection  of  that  evidence. 

What  is  the  state  of  tbe  cose  now,  when,  as  wo  have  seen,  the 
amount  of  our  knowledge  respecting  the  mammalia  of  the  Tertiary 
epoch  is  increaaed  fifty-fold,  and  in  some  direotious  oven  approaches 
oompleteoeas  ? 

Simply  this,  that  if  the  doctrine  of  evolution  had  not  existed 
palnontologists  mnst  have  invented  it,  so  irresistibly  is  it  forcoil  u|>on 
tbe  mind  by  the  study  of  the  romaius  of  tbe  Tertiary  mammalia 
which  have  been  brouglit  to  light  since  1859. 

Among  the  foasils  of  Pikormi,  Gaodty  found  the  successive  stages 
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hf  which  the  anciont  dyets  pMsod  iuto  the  mora  modem  hyenaa; 
through  the  Tertiary  deposits  of  Western  America,  Marsh  tracked 
'  tke  anooeMiyo  forms  by  which  the  ancient  stock  of  the  horse  has 
pAved  into  its  present  form ;  and  innomerable  less  complete  indico- 
tionB  of  the  mode  of  eyolation  of  other  groups  of  the  higher  mammalia 
have  been  obtained. 

In  the  remarkable  memoir  on  the  phosphorites  of  Qaercy,  to 
wfaidi  I  have  referred,  M.  Filhol  describes  no  fewer  than  seventeen 
varietiwof  the  genns  Cynodiclit,  which  fill  np  all  the  interval  between 
the  Tiverine  animals  and  the  boar-Uke  dog  Amphieyon  ;  nor  do  I 
know  any  solid  groond  of  objection  to  the  sapposition  that  in  this 
,  CifnodiclU-Amphinion  group  we  have  the  stock  whence  all  the  Vive- 
ndn,  Felide,  Hynnidn,  Canidte,  and  perhaps  the  Procyonide  and 
Ursidje,  of  the  present  fauna  have  been  evolved.  On  the  contrary, 
there  is  a  great  deal  to  be  said  in  favour. 

In  the  course  of  summing  up  his  results,  M.  Filhol  observes  * : — 

"  During  the  epoch  of  the  phosphorites,  great  changes  took  plac« 
in  animal  forms,  and  almost  the  some  types  as  those  which  now  exist 
became  defined  from  one  another. 

"  Under  the  influence  of  natural  conditions  of  which  we  have  no 

exact  knowledge,  though  traces  of  them  are  discoverable,  species  have 

>  been  modified  in  a  thousand  ways  :  races  have  arisen  which,  becoming 

fixel,   have  thus  produced  a  corresponding  number  of  secondary 

species." 

In  1859,  language  of  which  this  is  an  unintentional  paraphrase, 
occurring  in  the  '  Origin  of  Species,'  was  scouted  as  wild  specnlation ; 
at  present,  it  is  a  sober  statement  of  the  conclusions  to  which  an 
acute  and  critically-minded  investigator  is  led  by  large  and  patient 
study  of  the  facts  of  paltuontology.  I  venture  to  repeat  what  I  have 
said  before,  that,  so  far  as  the  animal  world  is  concerned,  evolution 
is  no  longer  a  speculation,  but  a  statement  of  historical  fact.  It 
takes  place  alongside  of  those  accepted  truths  which  must  be  taken 
into  account  by  philosophers  of  all  schnols. 

Thus  when,  on  the  first  doy  of  October  next,  the  'Origin  of 
Species '  comes  of  age,  the  promise  of  its  youth  will  bo  amply  ful- 
filled ;  and  we  shall  bo  prepared  to  congratulate  tho  venerated  author 
of  the  book,  not  only  that  the  greatness  of  his  achievement  and  its 
oodoring  influence  upon  the  progress  of  knowledge  have  won  him  a 
place  beside  our  Harvey ;  but,  still  more,  that,  like  Harvey,  he 
has  lived  long  enough  to  outlast  detraction  and  opposition,  and  to 
800  the  stone  that  the  builders  rejected  become  the  head-stone  of  the 
comer. 

[T.  H.  H.] 
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Membro  Jo  I'AcaJcmio  Fninc^iuie,  Ac 

Marc-Aurcle. 

Mbdambs  kt  Mkssiecrs, 

J'ai  accepts,  avec  grande  joie,  de  venir  echanger  qnelqnes  id^ 
ayec  vous,  en  oet  Institut  illustrc,  voue  aux  pins  hantes  rochorches  de 
la  Ecience  et  He  la  vraio  philosoplite.  Cotte  lie,  otl  j'ai  taut  d'amis  et 
qne  je  TJens  do  visiter  si  tardiYenient,  j'y  ruvais  dte  mon  cnfance.  Je 
BDis  Breton  do  France ;  jo  voyaie  dans  nos  vieux  livrcs  TAngleterre 
lonjonrs  appcleo  I'ilo  dcs  saints  ;  ct,  en  oSbt,  tons  nos  saints  de  la  Bre- 
tagne  armuricaine,  cee  saints  d'nne  ortliodoxio  doutcnse  et  qui,  s'ils 
reflsUBcitoient,  s'entendraient  mieux  areo  nous  qii'aTec  les  j^snites, 
▼enaient  do  I'ile  de  Bretagno.  On  me  montrait  dans  leur  chapelle 
I'ange  de  pierre  en  laquelle  ils  araient  pass^  la  mer.  Do  tout(»  les 
raoee,  la  race  bretonne  est  oelle  qui  a  tonjours  pris  la  religion  le  pins  aa 
airiens.  Mome  quand  le  progros  de  la  reflexion  nous  a  montr6  que 
qnelqnes  articles  sont  a  modifier  dans  la  liste  dcs  choscs  quo  nons  arions 
autrefois  tenucs  pour  certaines,  nous  ne  rompons  jamais  avoo  le  sym- 
bole  sons  lequel  nons  avons  d'abord  goiite  I'idcal.  Car  la  fui  ne  r^ide 
paa,  poor  nous,  en  d'obecares  propositions  raetaphysiqiios,  ello  est 
OMas  lea  affirmations  dn  coenr.  J'ai  done  choisi  ixini  m'ontretenir 
aTM  Tons,  non  quelqu'uno  de  ces  subtilitos  qui  divisent,  mais  nn  de 
OM  aojots  clicrs  a  I'dine,  qui  rapprochent  ct  reunissont.  Jo  vous  parlerai 
de  oe  liTre  tout  resplendissant  do  I'osprit  divin,  de  ce  manuol  dc  la 
vie  risign^eqne  nous  a  laisso  le  (ilns  picux  des  hommes,  le  cudar  Maro- 
Aor^e-Antonin.  Cost  la  gloiro  des  souTeraius  que  le  plus  irrepro- 
cfaable  modele  de  vortu  so  soit  trouvu  dans  Icurs  rungs,  ct  que  les 
plus  belles  lemons  de  patience  et  de  d^tacliomeut  soicnt  ▼enucs  d'one 
cubdition  qu'on  suppose  Tolontiers  lirree  a  toutee  lee  seductiona 
du  plaisir  et  do  la  vanite. 

I. 

lAiitridHi  de  la  sageaee  rar  le  trdne  est  chose  tot^onrs  rare ;  je 
n'eo  Toia  dans  I'histoiro  quo  deux  oxemplcs  6clatants :  dans  I'lode, 
la  Boceeesion  de  cos  trois  emperenrs  mougok,  Baber,  Hniua'iuan  et 
Akbar ;  tk  Rome,  il  la  t^te  du  plus  vavtc  empire  qui  fut  jiuuais,  loe  den 
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rteDM  •dminiblee  d'Antonin-lo-Pieux  et  do  Marc-Aurule.  De  ces 
icvx  dernioT*,  Aiitonin  fnt,  Bolon  moi,  lo  pluB  grand.  Sa  bonte  ne  j 
lai  fit  pas  comiuettre  do  fautes  ;  il  uo  fat  pas  tourmente  du  mal  inte^ 
near  qui  rongca  sans  nd4che  lo  cceur  do  son  fils  adoptif.  Co  mal 
Mtange,  cotto  «tnde  inquieto  do  soi-mCnie,  ce  dSmon  da  scrupule,  cetto 
Mtx«  do  peifootion  sent  doe  signos  d'une  natiuro  moins  forte  que 
dbtingnte.  Coimne  les  ]>la8  belles  pens^es  sont  celles  qn'on  n'ecrit 
pas,  Antonin  out  encoro,  a  cot  ^gard,  une  Bnp6riorit6  snr  Moro-Anrele ; 
maia  ajoutons  quo  nons  ignorerions  Antonin,  si  Marc-Aorelc  ne  nons 
•Tait  transmis  de  son  pcre  adoptif  co  portrait  oxquis,  on  il  semblo 
g'^tre  appliqu6,  par  humility,  a  peindre  I'imago  d'lm  bomme  encoro 
moilloor  quo  Ini-mCmo. 

Cost  lui  anssi  qni  nons  a  trace,  dans  le  premier  Utto  de  ses  Petufet, 
cot  arri6ro-plan  adniirablo,  ou  so  meuTent  dans  one  Inmicre  tonte  celeste 
lee  nobles  et  pures  figures  de  son  p^re,  de  sa  mere,  de  son  afoul,  de 
BOS  maitree.  Grace  k  Maro-Aurele,  nous  pouvons  comprendre  oe 
qno  ces  vieilles  families  romaines,  qui  avaient  ra  le  regno  des  manvais 
empcrours,  gardaiont  encoro  d'bonnctete,  de  dignite,  de  droiture, 
d'esprit  civil,  et,  si  j'ose  le  dire,  republicain.  Ou  y  vivait  dans  rod- 
miration  do  Caton,  do  Brutus,  de  Thrascas  et  des  grands  stoTciens  dont 
r&me  n'avait  pas  plie  sous  la  tyraunie.  Le  rigne  de  Domitien  y 
iiaii  abhorre.  Les  sagos  qui  TayaioDt  traverse  sans  flechir  y  etaient 
honoree  commo  des  berus.  L'avenement  des  Antonins  ne  fut  que 
rarriT^  au  pouvoir  do  la  socioto  des  sages  dont  Tocite  nous  a 
trutamis  les  justos  coleres,  societe  de  sagos  formec  par  la  ligne  de 
tona  oeux  qu'avait  rovoltes  lo  despotisme  dos  premiers  Ctisars. 

Lo  salutairo  prinoipo  de  I'adoption  avait  fait  do  la  conr  impvriale, 
au  donxiomo  siccle,  nue  vraio  pupiniere  de  vertu.  Le  noble  et  habilo 
Nerva,  en  posant  co  principo,  aseura  le  bonbonr  du  genro  hnmain 
pendant  pros  de  cont  ans,  ct  donna  au  monde  le  plus  biBan  si^clo  de 
pfogria  dont  la  memoire  ait  cte  conserree.  La  souvcraineto  ainsi 
foubiie  en  oommun  par  un  groupe  d'hommce  d'i-lito,  lesqnols  so  la 
Ifigngient  ou  se  la  partagcatent  scion  les  bosoins  du  moment,  })erdit 
one  partio  de  cot  attrait  qni  la  rend  si  dongcreuse.  On  arriva  au 
trCiue  sans  I'avoir  briguu,  niais  auesi  sana  le  devoir  k  sa  naissance  ni 
a  nne  sorto  de  droit  divin  ;  on  y  arriva  dosobuBo.  cnnnye  des  bommcs, 
pr^par6do  longuc  main.  L' empire  fut  nn  fardeau  civil,  qu'on  accepta 
a  son  hour©,  sans  que  nul  songeiit  a  avancer  cette  hourc.  Marc-Aurele  y 
fut  dosigno  si  jeune  quo  I'ideo  do  rf'guor  n'eut  guere  cbez  lui  do  com- 
mencement et  u'exerya  pas  sur  son  esprit  un  moment  de  s6duction.  A 
buil  ans,  quand  il  etait  di'ja  prtftttl  doe  prutres  Salicus,  Adrien 
remarqua  co  dous  enfant  triste,  ct  I'aima  pour  son  bon  natnrel,  sa 
dooilitt',  son  ineapacitc?  do  raentir.  A  dix-huit  ana,  I'empiro  lui  6tait 
assuri'.  11  Tattondit  patiemmont  dnmnt  vingt-deux  anntwa.  Le  soir 
oil  Antonin  se  scntaut  mourir,  apros  avoir  donno  pour  mot  d'ordre  au 
tribnn  do  servioe,  Mptanimilat,  fit  porter  dans  la  cLambro  do  son 
tils  adoptif  la  statue  dor  de  la  Fortune,  qui  dcvait  toujours  so 
truuver  dans  rappartemcnt  de  Tcrajxirottr,  il  n'y  out  pour  celui-ci  ni 
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snrpriso  ni  joie.  II  6tait,  depuis  longtemps,  blaso  but  toutee  les  joies 
sans  Ic8  avoir  gofitees ;  il  en  arait  vn,  par  la  profondeur  de  ea  philo- 
Bophie,  I'ubiiolue  vanite. 

Le  grand  inconvenient  de  la  vie  pratique  et  ce  qui  la  rend  insup- 
portable A  I'hnmmo  mipcricar,  c'est  que,  si  Ton  y  tnusiMrte  les 
pri&cipo6  de  I'idcal,  les  qualitcs  devienuent  des  defauts,  si  bion  que, 
fort  Bonvent,  rhomme  accompli  y  r^-ussit  moins  bicn  que  colai  qui  a 
pour  mobiles  lugoisme  ou  la  routine  vulgairo.  Trois  ou  quatro  fois, 
la  vertu  do  Marc-Aurelo  ikillit  lo  perdre.  EUe  Ini  fit  fairo  une 
premiere  faute  en  lui  persnadant  d'associer  a  renipire  Lucius- Verne, 
envers  qui  il  n'avait  ancune  obligation.  Verus  6tait  un  horamo  frivolo 
et  sans  valeur.  II  fallut  dos  prodiges  do  bonto  ot  de  deUcatesso  ponr 
I'empMber  de  fairo  des  folies  desastreuBes.  Le  sage  empereur,  serieuz 
et  appliqu6,  trainait  avoc  lui  dans  sa  litiere  lo  sot  coUegno  qn'il  s  etait 
donne.  H  le  prit  tonjours  obstin^^mont  an  serions ;  il  no  so  rovolta 
pas  one  fois  contre  cet  a^omiaant  compagnonnagc.  Comnie  les  gena 
qni  ont  ete  tri-s  bicn  elevus,  l^Iarc-Aurulo  ee  gi'nait  sans  ccsse ;  sos  fa<;on8 
vonaicnt  d'un  jNU-ti-pris  general  de  tenue  ot  de  dignite.  Les  ames  de 
oette  sorte,  soit  pour  no  pas  fairo  de  peine  aux  autrcs,  soit  par  respect 
poor  la  nature  bumaiue,  ne  so  r^signent  pas  a  avouor  qu'olles  voient  lo 
maL     Lour  vie  est  une  ]>erp<jtuclle  dissimulation. 

Selon  qnclques-uns,  il  aurait  etc  dissimule  envers  Ini-meme,  puisqoe 
dans  son  outrotien  intime  avec  les  dieox,  sur  les  bords  du  Gran, 
parlaot  d'nne  opouso  indigne  de  lui,  il  les  aurait  remercies  de  lui  avoir 
donn^  "une  femmo  si  complaisaute,  si  afiectneuse,  si  simple."  J'ai 
n>oiitr6  ailleurs  qu'on  s'ost  quolqnc  pen  exagere  sur  ce  point  hk  patience, 
on,  si  Ton  vcut,  la  faiblesse  de  Marc-Aurelo.  Faustiue  cut  des  torts ; 
le  plus  grand  fut  d'avoir  pris  en  aversion  les  amis  do  son  mari ; 
commo  CO  furont  ces  amis  qui  6crivirent  I'bistoire,  cllo  en  porta  la 
peine  devant  la  post^itc.  Mais  uno  critique  attentive  u'a  [jas  do 
peine  k  montrer  ici  lee  oxagerations  de  la  l^gende.  Toat  porte  u  croire 
qoe  Fanstine  tronva  d'abord  lo  bonbeor  et  I'amour  dans  cette  villa  de 
Lorium  on  dans  cetto  bolle  retraite  de  Lanuvium,  sur  les  domiores 
pontes  du  mont  Albain,  quo  Maro-Aor^le  decrit  a  Fronton,  son  maitre, 
oommo  nn  aejour  plcin  des  joies  les  plus  pures.  Puis  ello  bo  fatigua 
de  tant  de  sagesse.  Disons  tout :  les  boUos  scntoncoB  de  Marc-AuK'le, 
aa  vertu  austere,  sa  perp^tocUe  m6lancolie,  pureut  sembler  ennuyeusos 
a  nuo  fcmme  jeuno,  capricieuso,  d'un  teiiipvrameut  anient  et  d'uno 
merveilleuBO  beante.  11  le  comprit,  en  sout&it  et  so  tut.  Faustine 
xeeta  toujours  "  sa  tree  bonne  et  tres  fidelo  epooae."  On  no  ri-ussit 
juaaia,  memo  apr^  qu'elle  fut  morte,  a  lui  faire  abandonnor  ce  pieox 
BMOiODge.  DuiB  un  bas-relief  qui  so  voit  encore  aujourd'bui  a  Home 
Ml  moade  da  Oapitolo,  pendant  que  Faustine  est  enlevee  an  ciol  par 
■BO  Bonommco,  I'excollont  empereur  la  salt  de  terro  aveo  nn  regard 
plein  d'amoor.  11  etait  arrivC',  ce  semble,  dans  los  dernier*  temps,  h 
•o  faire  illusion  a  lui-mcmo  et  a  tout  oublier.  Mais  quelle  lutto  il  dot 
ttmToreor  poor  on  arrivor  la  I  Durant  do  longucs  aune««,  one  maladie 
i»  o»nr  lo  oonanma  lontomout.    L'eflbrt  d^Maper^  qui  fait  I'oMenoo 
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do  m  philosophic,  cotto  fren^o  de  renoncomont,  poass^  parfois 
jueqn'an  sophismo,  diaeiniulent  an  fond  tino  immense  blessure.  Qa'il 
fant  avoir  dit  adion  an  bouheur  pour  orriver  h  do  tels  exoos  !  On  no 
comprcudrft  jamais  tont  oe  que  eouffrit  co  pauvre  oteur  fletri,  ce  qn'il  y 
eut  d'amerturoo  dis8unul6e  par  oe  front  pale,  tonjoors  c&lme  et  prcsqne 
(o^jonrs  Booriant.  II  est  vrai  que  I'adiea  an  bonheur  est  le  com- 
menoement  de  la  sagease,  et  le  moyon  le  pins  s&r  poor  tronver  le 
bonheur.  II  n'y  a  rion  do  donx  commo  le  rotour  do  joie  qui  suit  le 
roQonoomont  a  la  joie ;  rien  de  yif,  de  profond,  de  oharmant  cumme 
ronchantement  dn  descnchante. 

Des  historiens,  plus  on  moins  imbns  de  cette  politique  qui  se  croit 
sapL>rienre  parco  qu'ello  n'est  snspecte  d'ancnne  pliilosopbie,  ont 
naturelloment  cherche  &  prouver  qn'un  homme,  si  accompli,  fiit  nn 
mauvais  administrateurct  un  mediocre  Bonverain.  II  parait,  en  effet, 
que  Marc-Aurclo  pecha  plus  d'une  fois  par  trop  d'indulgencc.  Mais 
jamais  regno  no  fut  plus  focond  en  ri^formes  et  en  progr^.  L'assistanco 
pnbliqne,  fondle  par  Ncrva  et  Trajan,  re9ut  de  lui  d'admirables 
d^veloppcments.  Dos  coll^gos  nouveaux  pour  I'oducatiou  gratuito 
furcnt  etablis;  les  procurateurs  aliraontaires  devinront  des  fonction- 
naircs  do  premier  ordre  ct  furent  choisia  avec  nn  soin  oxtromo ;  on 
pourvut  i  I't^dncation  des  fommos  pauvrcs  par  I'institnt  dos  Jeunes 
Fauttiniennet.  lie  principo  quo  ri!]tat  a  des  devoirs  on  quolque  sorto 
patcmels  envcrs  scs  mcmbrea  (priucipe  dont  il  fandra  so  souvenir 
avec  gratitude,  mcme  qnond  on  I'aara  duposse),  oe  principe,  dia-je,  a 
6t6  proclam^  pour  la  premiers  fois  daua  le  monde  par  les  Antonins. 
Ni  le  fasto  pu6nl  dos  rojaotes  orientales,  fondees  sor  la  bassesse  et 
la  stupidito  des  hommos,  ni  rargnoil  pddantesquo  dos  royaut^  da 
moyen-iige,  fondeos  sur  no  sontimont  oxager^  do  I'herudite  et  Bur  une 
foi  naive  daua  les  droits  du  sang,  ne  peuvent  nous  donner  nne  ideo  do 
cette  sonveraineto  toute  rfipublicaine  do  Nerva,  ds  Trajan,  d'Adrien, 
d'Aotouin,  de  Maro-Aurfilo.  Rien  du  prince  hereditaire  on  par  droit 
divin  ;  rion,  non  plus,  da  chef  militaire  ;  c'etnit  une  sorto  do  grande 
magistrature  civile,  sans  rien  qui  ressomblat  a  une  conr  niquionlevut 
h  I'empereur  son  caractero  tout  prive.  Marc-AurMe,  en  particulier, 
no  fut  ni  pou  ni  beaiicoiip  un  roi,  dans  le  sens  propro  dn  mot;  sa 
fortune  etait  indastrioUo,  elle  consistait  surtont  on  briqueteries  ;  son 
aversion  pour  •'  les  cesars,"  qu'il  envisage  comme  des  especes  do 
Sardanapales,  maguifiques,  debauches  et  crnels,  oclate  a  chaque 
instant.  La  civiUto  do  ses  moears  etait  extrume ;  il  reudit  an  senat 
toute  son  oncieano  importance  ;  <inand  il  otait  a  Eome,  il  ne  manquait 
jamais  une  seanco,  et  no  quittait  sa  place  que  quand  le  consul  avait 
prononcd  la  formnlo :  Nihil  vo»  moramur,  paired  cmucripti.  Presquo 
tontes  les  aunt-^es  de  son  rSgno  U  fit  la  guerre,  et  il  la  fit  bion, 
qnoiqu'il  n'y  trouvut  que  do  I'ennut,  Ses  insipidcs  campagnes  contro 
les  Qnodes  et  lea  Marcomans  furent  troa  bien  conduites ;  le  degofit 
qu'il  en  eprouvnit  no  rorai)6chait  pas  d'y  mettrc  I'application  la  plus 
cunscioncieuso. 

Ce  fnt  danu  le  ooure  d'nnc  de  cos  oxpcditiuns  que,  campe  sor  Ic« 
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bords  da  Gran,  an  milien  dee  plainos  mouotonos  de  la  Hongrio,  il 
ecririt  Ics  pins  belles  pages  du  livre  exquis  qui  nous  a  rovcltS  son 
bne  toot  entiero.  II  est  probable  qno,  de  bonue  bouro,  il  tint  an 
joomal  intime  de  scs  pcnsees.  II  y  inscrivait  lea  maiimos  aiixqucllcs 
fl  Koooroit  poor  se  fortifier,  los  reminiscences  de  ses  autcars  fuvoris, 
lea  paaaages  des  moralistes  qui  lui  parlaient  le  plus,  les  principes  qui 
daoa  la  joam6e  I'uTaient  soutenu,  parfois  les  reproclics  que  sa  oon- 
■oienoe  scmpalense  croyait  avoir  a  s'adresser.  "  On  se  cherche  des 
latnites  aolitaires,  chaumiures  rnstiqnes,  rivagos  des  mers,  moutagnes ; 
oonune  les  antres,  tn  aimes  a  rcver  ces  biens.  A  qnoi  bon,  p 
t'eat  permis  a  chaque  heare  de  te  retirer  en  ton  ame  7  Nulle  part 
ITmwmimi  n'a  de  retraite  plus  tranqaille,  sortout  s'il  a  en  luimdme  do 
ttm  ehoeea  dont  la  contemplation  suffit  poor  rendre  le  colmo.  Sacho 
done  jonir  de  cotte  retraite,  et  la  renoavolle  tes  forces.  Qo'il  y  ait 
la  de  oea  maxinies  courtes,  fondiuuentales,  qui,  tout  d'abord,  rendront 
la  a6r6nite  a  ton  fune  et  te  romcttront  en  etat  de  supporter  aveo 
vMgnation  le  moude  oil  tu  dois  revenir."  Pondaat  les  tristcs  bivcrs 
in  Notd,  oette  oonsolation  lui  dovint  encore  pins  n^-oessaire.  II  avait 
prea  de  soixante  ans ;  la  vieillesse  etait  choz  lui  prumatuioe.  Un 
•oir,  toutes  les  images  de  sa  pieuse  jeunesse  remonteront  en  sou 
■onTenir,  et  il  possa  quolqnes  heurcs  delicieusos  a  eupputer  ce  qn'il 
darait  a  chacnn  des  etros  bons  qui  Tavaicut  cntouro. 

"  Exemples  de  mon  aieul  V^rns :  Douceur  de  moeors,  patience 
iaaltexable." 

"  Qoalitis  qn'on  prisait  dans  mon  p5re,  souvenir  qu'il  m'a  laisstS : 
Modeatie,  caractere  mule." 

"  Imiter  do  ma  more  sa  piOte,  sa  bienfaisanco ;  m'abstenir,  commo 
die,  non  aeoloment  de  fairo  le  mal,  maia  memo  d'on  concovoir  la 
MBifa ;  mencr  sa  vie  fmgale,  et  qui  rossemblait  si  pen  au  luxe  habituel 
dee  richee." 

Puis  lui  apparaiseent  tour  a  tour  Dioguncto,  qni  lui  inspira  le  gofit 
de  la  philoflophie  et  rendit  agni-ables  k  ses  yeux  lo  grabat,  la  couvor- 
tnre  oompoafe  d'ane  simple  peau  et  tout  I'apparoil  de  la  discipline 
hell^niqne ;  Junius  Rusticus,  qui  lui  apprit  &  evitor  tonte  affuctatioa 
d'tUegaooe dans  le  stylcotlui  prutalcsEntreticnsd'Kpictote;  ApoIIonius 
de  Chalcia,  qui  r&lii!ait  I'idual  stoTcieu  do  rextrumo  fonuote  et  du  la 
narfaite  douceur  ;  Suxtus  do  Cherunee,  si  grave  et  si  bun  ;  Alexaotlru 
la  grammairicn,  qui  rcprenait  aveo  uuo  politusso  si  ruffinoe ;  Fronton, 
"qai  lui  apprit  co  qu'il  y  a,  dans  uu  tyrnn,  d'onvio,  de  duplicit*'-, 
d'Lypocrisic ,  et  ce  qu'il  peat  y  avoir  do  dureto  dans  lo  cwur  d'un 

Etricien ; "    sou   frero    Svvurus,    "  qui    lui    fit   cunuaitru    Tbras^aa, 
llvidiua,  Caton,  Bratos,  qui  lui   donna  I'idoo  du  co  qu'cst  uu  £tat 
libra,  (A  la  rdglo  eat  I'^galitc  naturcllo  des  citoyons  et  I'ttgoliU*  de  loun 
droita;  d'uno  ruyaut^  qui  place  avant  tout  lu  respect  de  la  liberte  den 
eitajena,"  et,  dominant  tous  It's  autrcs  do  sa  granJunr  immocuK-e, 
■       Aatooin,  aon  perc  par  adoption,  dont  il  nouM  trace  I'iuiago  avoc  un 
I       redoubleineut  de  roconnaissonco  et  d'amour.     "Jo  rumuruie  les  dionx, 
I       dtt-il  on  tcnninaiit,  dc  ni'uvoir  doun^>  do  bona  aiuuU,  do  bons  iiarunta, 
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nne  bonno  mbw,  de  bons  moitreB,  et,  dans  mon  entourage,  danB  mes 
proches,  daoa  mes  amis,  des  gens  presque  toiw  remplis  de  bonte. 
Jaquus  jo  ne  me  sais  l*in6  allor  a  aucun  manquo  d'eganlB  euvere  onz ; 
par  ma  disposition  natnrelle,  j'aurais  pa,  dans  I'occaaion,  oommottro 
qnelqao  irrov^rcnoo ;  mais  la  bienfaisanoo  des  dienx  n'a  pas  permis  qno 
la  ciroonstanoo  s'on  soit  pr^«entee.  Jo  dois  encore  anx  dieux  d'avoir 
oonsorvu  pure  la  flcnr  do  ma  jounesse ;  d'avoir  ct«  61ev£  sons  la  loi 
d'nn  princo  ct  d'an  pere  qui  devait  degager  mon  &me  de  tonto  fumoo 
d'orguoU,  me  fairo  comprendre  qu'il  est  possible,  tont  en  vivaut  dons  un 
I  palais.de  se  passer  do  pirdos,  d'habits  rcsplendissants,  do  torches,  de  sta- 
^  tues,  m'apprendre  onfin  qu'nn  prince  pent  prosqno  resserrer  sa  vie  dans 
;  les  limitcB  de  cellos  d'un  simple  oitoyen,  sans  montrer  poor  cola  nioius 
de  noblesse  et  moins  do,  vigiioar,  qoand  il  s'agit  d'etre  etnperenr  et  de 
traitor  les  affaires  de  I'Etat.  lis  m'ont  donne  do  roncontrer  an  frcre 
dont  les  mcsnrs  etaient  nne  continnelle  exhortation  a  voiller  snr  moi- 
'  memo,  en  memo  temps  que  sa  deference  et  son  attachcment  devnient 
&ire  la  joie  do  mou  coeur.  OrAce  anx  dieux  encore,  je  me  suis  hat^ 
I  d'61eTer  coax  qui  avaient  soign6  mon  edaoation  anx  honneurs  qn'ils 
iomblaient  dosirer.  Co  sent  eux  qni  m'ont  fait  connrntre  Apollouias, 
Rnsticus,  Maximns,  ot  qui  rn'ont  ofiert,  entouruo  do  tant  de  Inmiero, 
I'image  d'uno  vie  confonno  a  In  nature.  Je  sois  rest^  on  de^u  du  bat, 
il  est  vrai ;  mats  c'est  ma  fautc.  Si  raon  corps  a  rtjsiste  longtemps  h 
la  rode  vie  que  je  mcne  ;  si,  malgrc  mes  frMinents  depits  centre 
RuBticus,  jc  n'ai  jamais  passe  les  homes  ni  rien  fait  dout  j'aie  ou  a  me 
repcntir ;  si  ma  mere,  qni  devait  monrir  jcune,  a  pn  neanmoins  passer 
prea  do  moi  ses  demieres  anncos ;  si,  cbaqno  fois  que  j'ai  vonla  venir 
an  pccours  de  quolquo  personne  pnuvro  ou  affligoc,  jo  no  mo  snis  jamais 
eiitendn  diro  quo  I'argont  mo  manquait ;  si  mi)i-nn}ino  jo  n'ai  en  bosoin 
do  rien  roccvoir  do  porsonno ;  si  j'ai  uue  femme  d'un  tel  caractere,  si 
Cf>mplai8antc,  si  affoctiicuse,  si  simplo ;  si  j'ai  trouvo  tant  de  gens 
capablcB  pnnr  I'oducation  de  mes  enfants ;  si,  &  I'origiiie  do  ma  passion 
pour  la  philoBophio,  jo  ne  suis  pas  devcnu  la  proie  do  quclqae 
Bophisto,  c'cst  aux  dieux  qno  je  lo  dois.  Oui,  tant  do  bonhours  ne 
pcuvcut  etre  Teffot  qno  de  rassistance  des  dieux  et  d'nne  hearense 
fortune." 

Cottc  divine  candenr  roepire  Sk  ohaqne  page.  Jamais  on  n'ecrivit 
phia  simplemont  pcjur  aoi,  a  seule  fin  de  dochargor  eon  cwnr,  sans  antre 
ttraoin  que  Diea.  Pas  utio  ombre  de  systL^me.  Marc-Aurulo,  a  pro- 
prcracut  parlor,  n'a  pas  do  philosophio ;  quoiqu'il  doivo  presque  tout 
an  stoicisme  tranRformo  par  I'csprit  rnmaiu,  U  u'eBt  d'ancune  ecolo. 
8olon  notro  goiit,  il  a  trop  pcu  do  curiosito  ;  car  il  ne  sait  pas  tout  ce 
qno  dovait  savoir  nn  oontemporain  do  Ptolenioo  et  do  Galien  ;  il  a 
quelquea  opinions  sur  lo  Bysttjaio  du  moudo  qni  n'tfcaient  pas  an  niveaa 
dc  In  plus  haute  science  do  son  temps.  Mais  sa  pensoe  morale,  ainsi 
dvgagoo  de  tout  lioD  avec  un  eysteme,  y  gagne  une  singulicre  hauteur. 
L'anteur  dn  livre  do  rimilalion  Ini-merao,  qnoiquo  fort  detache  des 
querellcs  d'ecole,  n'atteint  pas  jusque-la ;  car  sa  manioro  de  sentir 
est  osBenttullcment  chretienne ;  6tez  Ice  dogmcs  chrotions,  son  livre 
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ne  gude  pins  qa'ane  partie  de  son  cbarme.  Le  livro  do  MafC-Aorele, 
n'ayKnt  aoctine  base  dogmatiqae,  oonservera  etcraollomont  sa  fraicheur. 
Tuna,  depuis  ratheo  ou  celni  qui  se  croit  tel,  juBqu'u  rhunime  le  plus 
engage  dans  les  croyanoos  partioaliivres  de  cLaque  cultc,  peuvcnt  y 
ttunver  dea  froits  d'edification.  C'eet  lo  livre  lo  plus  pureuient  humain 
qa'il  J  ait.  II  ne  tranche  aucune  qaestion  coutroversee.  £n  th^o- 
logia,  MaroAurele  fiotte  eutro  le  deisme  pur,  le  polytbeisme  inter- 
pr^te  dans  un  sens  physique  a  la  fo^on  des  sto'iciens,  et  uno  sorte  de 
paath^ismo  cosmique.  U  ne  tient  pas  beaucoup  pins  a  Tone  des  hypo- 
thiaofl  qu'a  I'autre,  ct  il  se  sert  indifferemment  des  trois  vocabulaires, 
delate,  polytheisto,  ponthSisto.  Sob  considerations  sont  toujonrs  k 
deux  fiM3ea,  selon  que  Dion  et  lumc  ont  ou  n'ont  pas  do  realite.  Cost 
le  msonsemeDt  que  nous  faisous  h  chtvque  houre ;  car,  si  c'ost  le  mate- 
nalisme  le  plus  complet  qui  a  raison,  nous  qui  aurons  cru  au  vrai  et 
an  laen,  doos  no  serons  pas  plus  dupes  quo  les  autres.  Si  I'idealisme 
a  nuaon,  nons  aurons  ete  les  vrais  sages  et  nous  laurons  oto  de  la 
MoIe  fa^n  qui  nous  convienne,  c'ost-ii-diro  sans  nollo  attento  intei^sseo, 
I  avoir  compt^  sur  une  remuneration. 


II. 


^^F  Noos  tonchons  ici  an  grand  secrot  do  la  philosophie  morale  et  de 
^^^  religion.  Marc-Aurc-le  n'a  pas  do  philosophic  speculative ;  sa 
th^ologie  est  tout  a  fait  contradictoire ;  il  n'a  aucuno  idee  arrct^o  sax 
I'ime  et  rimmortalite.  Comment  fut-il  profundomont  moral  sans  lofl 
croyances  qn'on  rcgarde  anjoard'hai  comme  les  fondomeuts  do  la 
morale?  Comment  fut-il  enunemmont  roligieux  sans  avoir  profess^ 
ancon  dea  dogmes  do  co  qu'on  appelle  la  religion  uaturcllo  ?  Cest  ce 
qa'il  importc  do  rcchorchor. 

Les  doutes  qui,  an  point  do  vuo  de  la  raison  sp^ciilativo,  planent 
aor  lea  vdrites  de  la  religion  naturoUo  no  sent  pas,  comme  Eant  I'a 
admizablement  montrti,  des  doutos  accidontols,  snsoeptiblos  d'i^tro 
larea,  tenant,  ainsi  qu'on  so  I'imagino  parfois,  a  certains  ^tats  do 
I'eaprit  humain.  Cos  doutos  sunt  inheronts  ^  la  nature  mdmo  do  cca 
T^rit^  et  Ton  peut  dire  sans  paradoxe  quo,  si  cos  doutos  6taiout  loves, 
lea  Tnrites  auxquoUes  ils  s'attoquent  disparaitraiont  du  mcme  coup. 
Soppoaons,  on  ofiet,  une  prcuvo  dirccto,  positive,  6vidento  poor  toua, 
des  peines  et  dos  rdcomponsos  futures  ;  oil  sera  lo  mdrito  ao  faire  le 
bica  ?  II  n'y  aurait  quo  dos  fous  qui  do  gaito  do  ocbur  courraient  \ 
lenr  damnation.  Uno  foulo  d'omcs  basses  fcraient  lour  salot  cartes 
aor  table ;  oUes  forceraicnt,  en  quclque  -sorto,  la  main  do  la  divinity. 
Qui  no  Toit  qno,  dans  nn  tol  systomo,  il  n'y  a  plus  ui  morale  ni 
religion  ?  Dans  I'ordre  moral  et  religieux,  il  est  indispensable  de 
oroin)  saoa  demonstration  ;  il  no  s'agit  pas  de  certitude,  mais  de  foi. 
Voil^  oe  qu'oubb'o  lo  deisme,  avoo  scs  habitudes  d'affirmation  iutem- 
■jnnto.  II  oubUe  que  dos  croyances  trop  precises  sur  la  deatinte 
MBBaine  enleveraiont  tout  lo  merite  moral.  Pour  nous,  on  nona 
■BaoDoerail  nn  argument  peromptoire  eo  oo  gonro,  que  nuns  fcrions 
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oommo  saint  LouiB,  qnand  on  lui  parla  do  I'hoBtie  mimcalense.  Nons 
refiuerions  d'aller  voir.  Qa'avonB-noiis  besoin  de  cee  preavee  bratales, 
qni  gtoeraient  notre  liberie  ?  Nona  craindrions  d'etre  assimilea  a  oea 
(■p^nlatcnrs  do  vorta  oa  h  cos  penreox  valgaires,  qui  portent  dana  J 
ohosos  de  I'&mo  le  grossier  cgolsme  de  la  vie  pratique.  Dans 
premiers  jonrs  qui  suivirent  la  foi  a  la  resorrectiun  do  Jeeos,  ee 
sentiment  so  fit  jour  de  la  fa<;on  la  plus  tonchante.  Les  Trais  amis  de 
coeur,  les  dolicats  aimoreut  mieux  croiro  sans  preuvo  qae  de  voir. 
"  Henronx  ccnx  qui  n'ont  pas  vn  ct  qui  out  crn  1"  devint  le  mot  de  la 
sitnation.  Mot  chormant !  Symbole  6temel  de  ridealismo  tendre 
et  g^nereoz,  qui  a  horroor  de  toncher  de  see  mains  ce  qui  ne  doit  etre 
TU  oa'avec  lo  ccenr  I 

Notre  bon  Maro-Aurele,  sar  ce  point  oommo  snr  tons  lea  autres, 
doran^  les  sidles.  Jamais  il  no  so  soncia  de  so  mettre  d'accord  avoc 
loi-memo  sur  Dion  ot  sor  I'amo.  Commc  s'il  arait  la  la  Oritique  de 
la  Raiton  pratique,  il  vit  bien  que,  lorsqu'il  s'agit  de  I'infini,  aacnno 
formolo  n'est  absolno,  et  qu'on  pareille  mati^re  on  no  pout  avoir 
quelque  ohanoe  d'avoir  vu,  une  fois  on  sa  vie,  la  v^rite  que  si  Ton  s'cet 
beauooup  controdit.     11  d^tacba  hautoment  la  beauts  morale  de  tonto 

I  thtologie  arrctco;  il  no  permit  an  devoir  de  dopendro,  d'ancune 
opinion  motaphysique,  sur  la  causo  premiere.  Jamais  I'union  intime 
aveo  le  diou  cach^  no  fut  poussoe  a,  do  plus  inouTcs  dolicatosses. 
"  Ofire  au  gonvememout  da  dieu  qui  est  au  dedans  de  toi  un  €tre 
viril,  muri  par  I'&ge,  ami  du  bien  publio,  un  Romain,  un  emperour ; 
nn  Boldat  a  son  posto,  attendant  lo  signal  do  la  trompette ;  on  hommo 
pr^t  a  quitter  sans  regret  la  vio." — "  11  y  a  bien  des  grains  d'encens 
destines  au  memo  autol ;  I'un  tombe  plus  tot,  I'autre  plus  tard  dans  le 
feu ;  mais  la  dififorcncc  u'est  rien." — "  L'homme  doit  vivre  scion  la 
nature  pendant  le  peu  de  jours  qui  Ini  sont  donnce  sur  la  terre,  et, 
quond  le  moment  de  la  rotraite  est  venu,  so  sonmcttre  avec  douceur, 
comme  nno  olive  qui,  en  tombant,  benit  I'arbro  qui  I'a  produite,  et  rend 
grace  au  ramcau  qui  I'a  porteo." — "  Tout  ce  qui  t'arrange  m'arrange, 
6  cosmos.  Rien  no  m'ost  premature  ou  tardif  de  co  qui,  pour  toi,  vient 
a  llioure.  Jo  fais  mon  fruit  de  ce  quo  portent  tea  saisons,  <^  nature. 
De  toi  vient  tout ;  en  toi  eat  tout ;  vers  toi  va  tout." — "  0  hommo  !  ta 
as  £t6  citoyon  dans  la  grande  cite ;  que  t'importo  de  I'avoir  ete  pen- 
dant cinq  ou  pendant  trois  one  ?  Oe  qui  est  conformo  aiix  lois  n'est 
inique  pour  personne.  Qu'y  a-t-il  done  de  si  fiioheux  a  etre  renvoyd 
de  la  cite,  nou  par  un  tyran,  non  par  nn  juge  inique,  mais  par  la 
nature  meme  qui  t'y  avait  fait  ontrer  9  G'est  comme  quand  un 
com^ien  est  cong^did  du  tb^tro  par  le  prutour  qui  I'y  avait  engage. 
Mais,  diras-tu,  jo  u'ai  pas  joue  les  cinq  aotes ;  jo  n'cn  ai  joue  que  trois. 
Tu  dis  bien  ;  mais,  dans  la  vio,  trois  actes  suffisent  pour  faire  la  piece 

•  entiere.  .  .  .  Pars  done  content,  puisquo  celni^  qui  te  congedie  est 

'  content." 

£st-co  h  dire  qu'il  ne  so  r^voltat  pas  quelquefois  centre  le  sort 
strange  qui  s'est  plu  a  laisser  souls,  face  a  face,  Thomme  avec  ses 
ctemels  besoins  de  d^vouement,  de  sacrifice,  d'hSioisme,  et  la  nature, 
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avoc  son  imnioralite  tronBccndonte,  son  snprome  dcdaiu  pour  la  Tertn? 
Nod.  Une  fois  da  moins  labsardite,  la  colussalo  iniqnit^  do  la  mort 
le  frappo.  Mais  bientot  son  temp^ramont  completcment  mortifie 
reprend  le  dessiu,  ct  il  se  calmo.  "  Comment  Be  fait-il  qao  les  dionx, 
qui  ont  ordonne  ei  bion  toutos  choees,  ot  avec  tant  d'amuur  pour  les 
horamee,  aicnt  neglige  on  scul  point,  h  savoir,  que  les  hommes  d'nne 
Tertu  ^proiiToc,  qui  ont  en  pendant  leur  vie  nne  sorto  do  commerce 
avec  la  dirinito,  qui  se  sont  fait  aimer  d'elle  par  leurs  actions  pieases 
ot  lenrs  sacrifices,  ne  revivent  pas  apres  la  mort,  mais  soient  cteints 
pour  jamais  ?  Puisque  la  cboso  est  ainsi,  sacbc  bion  que,  si  elle  avait 
da  £tre  autrenicnt,  ils  n'j  ensBont  pas  manque  ;  car,  si  cela  eiit  ute 
juste,  cela  ctait  possible ;  si  cela  eut  616  conforme  a  la  nature,  la 
natnre  I'oiit  comporto.  Par  oonB^uent,  do  cela  qu'il  n'on  est  pas 
ainsi,  confirme-toi  en  octte  consideration  qa'il  ne  fallait  pas  qu'il  en 
fdt  ainsL  Tu  vois  bien  toi-merae  quo  fairo  nne  tello  recherche,  c'est 
dispnter  avec  Dien  snr  son  droit.  Or,  nons  ne  disputerions  pas  ainsi 
oontrc  Ice  dienx,  s'ils  n'etaicnt  pas  souTerainement  bons  et  souvoraine- 
mcnt  justes ;  s'ils  le  sont,  ils  n'ont  rien  laisse  passer  dans  I'ordonnaiioe 
du  monde  qui  soit  contrairo  h  la  justice  et  i^  la  raison." 

Ah  !  c'est  trop  do  resignation,  Mcsdamee  et  Measienrs.  8'il  en  eat 
T^ritableraent  ainsi,  nous  avons  droit  do  nous  plaindre.  Dire  que  si  co 
monde  n'a  pas  sa  contre-partie,  I'homme  qai  s'cst  sacrifie  poor  le  bien 
oa  le  vrai  doit  le  quitter  content  et  absoudre  les  dioux,  cela  est  trop 
naif.  Non,  il  a  le  droit  do  les  blasphemer  I  Cur  enfin  poarquoi  avoir 
ainsi  abus^  do  sa  cryolite  ?  Pourquoi  avoir  mia  en  lui  des  instincts 
trompcnrs,  dont  il  a  6te  la  dupe  honnvte?  Ponrqnoi  cctte  prime 
■eoord6c  a  I'hommo  frivole  on  mediant  ?  C'est  done  colui-ci,  qui  ne 
80  trompe  pas,  qui  est  I'homme  avise ? ...  Mais  alors  maudits  soient 
lea  dieux  qui  placent  si  mal  leurs  preferences  1  Je  veux  que  I'avenir 
aoit  one  6nigme ;  mais,  s'il  n'y  a  pas  d'avcnir,  co  monde  est  un  affrenz 
guet-apens.  Remarquez,  en  offet,  que  notre  souhait  n'eet  pas  cclai  da 
▼olgaire  greasier.  Ce  quo  nous  voulons,  ce  u'cst  pas  do  voir  le 
chAtiment  da  oonpeblo,  ni  do  toucher  lea  int^rets  de  notro  vertn.  Ce 
que  nons  voulons  n'a  rien  d'egoTsto :  c'est  simplement  d'dtre,  de  reator 
on  rapport  avec  la  lumiere,  do  continaor  notro  poDBc-e  oonunencec,  d'en 
aavoir  da  vantage,  do  jooir  an  jour  de  cette  verity  que  nous  cherchons 
•Teo  tant  do  travail,  do  voir  le  triomphe  du  bien  que  nous  avons 
aim^.  Rien  do  plus  legitime.  Le  digne  empcreur,  du  resto,  le  sentait 
bien.  "  Quoi  I  la  lumiere  d'uno  lampc  brille  justpi'au  moment  oil 
elle  a'^teint,  et  ne  pcrd  rien  do  son  i^clat ;  et  la  verite,  la  justice,  la 
temp^ranoe,  qui  sont  en  toi,  s'utoindraieut  avec  toi ! "  Touto  la 
Tie  ae  paaaa,  pour  lui,  dans  cette  noble  hesitation.  S'il  pecha,  ce  fat 
par  trop  de  pi6te.  Moins  resigne,  il  eut  6i6  plus  juste;  car  stire- 
ment  demander  qu'il  j  ait  nn  apectateur  intimo  ot  sympathiquo 
dee  lattea  que  nous  livrona  pour  le  bion  ot  lo  vrai,  co  n'eat  pas  trop 
demander. 

II  eat  possible  anaei  (|ae,  ai  aa  philoeopLio  e&t  6lt  moina  ezoloaive- 
BMDt  moiide,  si  olio  oiitimpliqud  ano  etadoplna  curieoae  do  I'Listoiro 
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ct  de  ronirera,  eHo  efit  6nt6  oertiuns  exc^  de  Hgnenr.  Comme  les 
•aoetes  Chretiens,  Marc-Aorele  ponase  quolqnofois  le  renonc«mcDt 
joaqn'^  la  steberesao  «t  la  Bubtilite.  Co  calme  qui  no  so  dement 
juaaifl,  on  B43Dt  qu'il  est  obtena  par  nn  immouse  effort.  Certes,  le 
taal  n'ent  jamais  ponr  lui  ancun  attrait ;  il  n'ont  a  conibattre  anoune 
poarion :  "  Quoi  qn'on  fasse  ou  quoi  qn'on  dise,  £crit-il,  il  fant  que  je 
sois  hommo  dc  bien,  comme  I'^merauda  peut  dire  :  '  Qooi  qn'on  diae 
on  qu'on  faasei,  il  &ut  bien  que  je  sois  emcrando  ot  que  je  garde  ma 
coulenr.'  Mais,  ponr  so  tonir  toujours  sur  le  sonunet  glace  da  stoTcisme, 
il  lui  fallnt  faire  de  crnelles  violences  k  la  nature  et  en  retrancber 
plus  d'une  noble  partio.  Gette  perp6taelle  repetition  dee  m€mea 
laisonnements,  oes  mille  images  sons  lesqnelles  il  cherche  a  se  repre- 
sentor la  vanitifi  dc  tontca  cbosee,  oes  pronyes  sonvcnt  naives,  de  I'uni- 
Toxsella  frivulite  ti>moignent  des  combats  qu'il  eut  a  livrer  ponr 
6teindre  on  lui  toot  desir.  Farfois  il  en  rcsolte,  pour  nous,  quelqoe 
ohoso  d'&pre  et  de  triste ;  la  lectnie  de  Maro-Aurele  fortifio,  mais  ne 
console  pas;  ello  laisse  dans  I'amo  un  yido,  a  la  fois  delicieuz  et 
cruel,  qu'on  n'ecbangorait  pas  centre  la  picino  satisfaction.  Llin- 
milite,  le  rcuonoement,  la  s6verite  ponr  soi-m^mo  n'ont  jamais  6t^ 
ponsste  plus  loin.  La  gloire,  oette  demiere  illusion  des  grandes  ames, 
est  rodnite  k  neant  II  fuut  faire  le  bien  sans  s'inqui^ter  si  personne 
le  saura.  II  voit  bien  que  Thistoire  parlera  de  lui ;  il  songo  parfois 
anz  hommes  dn  pass^  anxqaels  I'avonir  I'asaooiera.  "  S'ils  n'ont 
joue  qu'nn  rrile  d'soteors  tragiquos,  dit-il,  porsonne  uo  m'a  condamne 
a  lo8  iraitcr."  L'absolue  mortification  oil  il  etait  arrive  avait  eteint 
en  lui  jusqu'a  la  demit-ro  fibre  do  I'amonr-propre. 

La  consoquenco  de  ootto  philosophio  austere  aurait  pu  etre  la 
raidour  et  la  dnrcto.  C'est  ici  qao  la  boute  mre  de  la  nature  de  Morc- 
Aorele  eclatc  dans  tout  son  jour.  8a  severite  n'est  que  pour  lui.  Le 
fruit  do  cetto  grando  tension  d'&me,  o'est  une  bienveillanoe  infiuio. 
Toute  ea  vie  fut  uuo  ^tndo  a  rendre  le  bien  poor  lo  mal.  Apres 
quolque  triste  experience  de  la  pervorsito  bumaino,  il  ne  trouve,  le 
soir,  a  te-ire  que  ce  qui  suit :  "  Si  tu  le  pouz,  corrigo-les  ;  dans  le  cas 
contraire,  souviens-toi  que  c'est  pour  roxoroer  envers  eux  que  t'a  ete 
donnee  la  bienTeillance.  Les  dieox  enx-memes  sent  bienveiUants  poor 
cos  etres ;  ils  lea  aident,  tant  Icnr  bontc  est  grande  I  a  acqnerir  sante, 
ricbosso,  gloire.  II  t'est  permis  do  faire  comme  les  dieox."  Un 
antre  jour,  les  hommes  furent  bien  mecbauts,  car  voici  ce  qu'il  ecrivait 
snr  les  tabluttcs :  "  Tel  est  I'ordre  de  la  nature :  des  gens  de  cette 
Borto  doivout,  de  toute  necessity,  agir  ainsi.  Vonloir  qu'il  en  soit 
autrement,  c'est  vouloir  que  le  figuier  ne  prodniso  pas  de  figues. 
Sonviens-toi,  en  un  mot,  de  ccci :  dans  im  tomps  bion  court,  toi  et  lui 
vons  mourrcz :  bienUJt  aprcs,  vos  noms  meme  no  survivront  plus." 
Ces  r^flexiouB  d'universel  pardon  reviennent  sans  cesse.  A  peine  se 
mOle-t-il  parfois  a  cette  ravissanto  bonto  uu  imperceptible  sourire. 
"  La  raeilleuro  maniere  de  se  venger  doa  mocbants,  c'est  de  no  pas  se 
rendre  semblable  i  enx  ;  "  ou  un  leger  accent  de  fierto  :  "  O'est  chose 
royalo,  quand  on  fait  le  bien,  d'cntcndro  dire  du  mal  de  soi."    Un  jour, 
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il  a  nn  roprocho  a  so  foiro.  "  Tn  as  oubIi6,  dit-il,  qnello  porento 
aainto  onit  chaqne  hommo  aveo  lo  genre  humain ;  paronte  non  de  sang 
et  de  naiesance,  mais  participation  a  la  mdme  intelligence.  Tn  M 
onblic-  qne  rumo  raisonnable  de  cbacun  est  iin  dieu,  un  derive  de  r£tre 
supreme." 

Dans  lo  commerce  do  la  vie,  il  devait  Stro  cxquia,  quoiqn'an  pen 
naif,  comme  lo  sont  d'ordinairo  Ics  hommes  trc-a  bone.  Les  noiif 
motifs  d'indolgonce  qu'il  se  fait  valoir  a  lai-memc  (livro  xi,  article  18) 
nous  montrent  sa  charmante  bonhomie  en  preaeooe  de  difficulty's  do 
famiUo  qui  vonaient  peut-dtre  do  son  indigne  fils.  "  Si  dans  rocoasioD, 
se  dlt>il  a  lai-meme,  tu  Texhortais  paisibloment,  et  loi  donnais  sans 
ooliro,  alnrs  qu'il  s'efforoe  de  to  faire  da  mal,  dos  lemons  commo 
celle-ci,  '  Non,  mon  enfant  1  nous  sommes  n^  pour  autre  chose.  Co 
n'est  pas  moi  qui  eprouverai  le  mal,  o'cst  toi  qui  t'en  fais  a  toi-mSme, 
mon  enfiuit  I '  Montre-Iui  adroitemont,  par  one  consideration  gen^rale, 
qne  telle  est  la  r^le,  que  ni  les  abeUles  n'agissent  commo  loi,  ni 
aucun  des  animaux  qui  vivent  natorellemont  en  troupes.  N'y  mets  ni 
moqneric,  ni  infinite,  mais  I'air  d'uuo  affection  Tcritable,  d'un  cceur 
qne  n'aigrit  point  la  colere ;  non  commo  an  pedant,  non  poar  to  faire 
admirer  de  coax  qui  sont  \h ;  mais  n'aie  en  vne  qne  lui  seal."  Com- 
mode (si  c'est  do  loi  qu'il  s'agit)  fat  sans  doute  pcu  sensible  &  cette 
bonne  rhetoriquo  patcrnelle  ;  nne  dcs  maximes  de  I'oxccllent  omperear 
6tait  que  les  mechants  sont  malhoureux,  qu'on  n'est  meohant  que  malgr6 
Boi  et  par  ignorance  ;  il  plaignait  ccux  qui  n'etaient  pas  oomme  loi ; 
il  ne  se  croyait  pas  le  droit  de  s'impoeer  it  eux. 

II  Toyait  bien  la  bassesso  dcs  hommes ;  mois  il  no  se  I'avouait 
paA.  Cetto  foi^on  do  s'aveuglcr  volontairement  est  le  defaut  des  Amoa 
dolite.  Le  mondo  n'^tant  pas,  du  tout,  tel  qu'oUos  le  Toudruient, 
ellea  se  mentent  il  ellos-mcmes  poor  le  Toir  autre  qu'il  n'est.  Do  11 
an  pea  de  oonvenn  dans  lours  jugomcnts.  Chez  Marc-Aorule,  oe 
oonTcua  nous  causo  parfois  nn  certain  agacement.  Si  nous  vou  liana 
le  croire,  sos  maitres,  dont  plusiears  fiirent  des  hommes  ossoz 
m^ocrea,  aoraient  61&  sans  exception  des  hommes  superienrs.  On 
dirait  qne  tout  le  monde  autoor  de  loi  a  ete  vertueux.  Cola  va  k 
an  tul  point  qu'on  a  pa  so  domauder  si  oe  frttre,  dont  il  fait  nn  ai 
grand  61ogo  duis  son  action  de  gr&cea  anx  dieux,  n'^tait  pas  son  fr^re 
par  adoption,  Lucius- Verus.    Ocla  eat  pen  probable.     Mais  il  est  sAr 

£•  la  bun  empereur  t/tait  capable  de  fortes  iUusions,  qoand  il  s'agiasait 
prMer  ti  aatroi  ses  propruu  vcrtus. 

Cette  qnalitc,  selon  qmlqaes  critiqnos  qui  so  sont  pro<luite8  dba 
I'antiqait^,  en  particulior  sous  la  plume  de  Temperenr  Juliun,  lui  fit 
ooBOiettre  one  fiante  toorme,  oe  fut  de  ne  pas  avoir  deehirit^  Commodo. 
Voilk  des  cboaee  qu'il  est  facile  de  dire  k  distance  qnand  lea  obstacles 
ne  sont  pins  Ik,  et  qo'im  raiaonno  luin  des  fails.  On  oublio  d'abord 
quo  lea  emperonra,  dcpnia  Nerra,  qoi  rondirent  I'odoption  nn  systt^me 
|>olitiqao  si  fi'ODud,  n'aTaiont  jns  de  fils.  L'adoption  areo  oxliuri'dation 
du  fila  on  du  (tctit-filti  se  voit  an  premier  si^le  de  I'empiro,  mais  n'a  paa 
de  bona  recultata.     Maro-Aur^lo,   par  prinoipes,  etait    indemmeat 
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pour  rb6r6dito  directo,  h.  laqucllo  il  vojait  I'aTantago  do  pr^vcnir  les 
competitions.  Dcs  que  Cotniuodo  fat  n^,  en  161,  il  le  present*  sen] 
anx  legions,  quoiqu'il  eut  an  jiuucan  ;  BouTont  il  le  prenait  tout  petit 
eotre  ses  bras  et  renoavelait  cct  acte,  qni  ctait  one  sorte  de  proclama- 
tion. En  166,  c'cst  Lucins-Yerus  lai-rocmo  qui  demande  que  les 
deux  fits  do  Marc,  Commode  et  Annins-Verus,  Boient  faits  oeaars. 
En  172,  Commode  portage  ayoc  son  p^rc  le  titre  do  Germaniqae; 
en  173,  apres  la  repression  de  la  revolte  d'Avidius,  le  s^nat, 
ponr  roconuaitro  en  quelquo  sorte  lo  d^sintereflsement  de  famille 
qa'avait  montre  Marc-Aurole,  demande  par  acclamation  I'cmpire 
ct  la  puissance  tribntionue  pour  Commode.  D^ja  lo  mauvais  naturel 
do  oe  dernier  s'i'tait  trabi  par  plus  d'uu  indico  conna  de  ses 
pedagogues ;  mais  comment  projuger  par  quelques  maayaises  notes  de 
I'avcnir  d'un  enfant  de  donzc  ans?  En  176,  177,  son  pere  lo  fait 
Imperator,  oonsal,  Auguste.  Ce  fut  siirement  nne  imprudence  ;  mais 
on  6tait  lie  par  les  actes  antdrieurs ;  Commode,  d'ailleurs,  se  oontenait 
encore.  Dans  les  demises  annees,  le  mal  se  decela  tout  h  fait :  a 
chaque  page  dea  demiers  lirres  des  Peruiei,  nous  vojons  la  trace 
du  martyre  int6rieur  do  pere  excellent,  de  I'emperour  accompli,  qui 
voit  uu  monstro  grandir  h  coUi  de  lui,  prct  a  lui  succ^er  et  decide  a 
prendre  en  touto  chose,  par  autipathie,  le  contre-pied  de  ce  qu'il 
avait  Tu  faire  aux  gens  de  bien.  La  pensee  de  desberiter  Commode 
dut,  sans  doute,  alors  Tcnir  plus  d'une  fois  II  Marc-Aur^o.  Mais  il 
dtait  trop  tard.  Aprce  Tavoir  associe  a  I'empire,  apr^  I'avoir 
proclam6  taut  do  fois  parfait  ot  accompli  derant  lee  l^ons,  venir  a 
la  face  du  mondo  le  decbirer  indigne  eiit  ^t^  on  soandale.  Marc  fut 
pris  par  ses  propros  pbruses,  par  ce  style  d'une  bienveillaucc  convonuo 
qui  lui  etait  trop  babituol.  Et  aprits  tout,  Commode  avait  dix-sept  ans  ; 
qui  pouvait  etrc  eur  qu'il  ne  a'ameliorcrait  pas  ?  Heme  apr^  la  mort 
(lo  Marc-Aorule,  on  put  Tosperor.  Commode  montra  d'abord  I'inten- 
tion  de  Buivre  les  cooaoila  dea  personnes  de  m^rite  dont  son  p^ 
I'avait  cntoure. 

Le  roprocho  que  Ton  peut  faire  u  Marc  Aurele  n'est  done  poa  de 
n'avoir  point  deatituo  son  fils  ;  c'est  d'avoir  cu  un  file.  Ce  ne  fut  pas 
sa  faute  si  le  siecio  ne  fut  pas  capable  do  porter  tant  de  sagesso.  En 
philoBopbie,  lo  grand  cmpereur  avait  place  si  kaut  I'ideal  de  la  vcrtu 
que  peraonne  ne  dovait  so  soucier  do  le  suivro ;  en  politique,  son 
optimismo  bienveillant  avait  affaibli  les  services,  surtout  rarmeo. 
En  religion,  pour  avoir  cto  trop  attache  a  uue  religion  d'^ltut  dont  il 
voyait  bien  la  faiblcsse,  il  prepara  le  triompbc  violent  du  culte  non 
officiel,  et  il  laissa  planer  but  sa  mumoiro  uu  reprocbe,  injusto  il  eat 
vrai,  mais  dont  I'ombre  mome  ne  dovrait  paa  ee  rencoutrer  dans  one 
vie  si  pure. 

Nous  touchons  ici  a  un  des  points  los  plus  delicats  do  la  biographie 
de  Marc-Aurele.  H  est  malheurcusomoat  certain  que  quolques  condam- 
nations  a  mort  furent,  sous  Gon  regno,  prononc^os  ot  executees  centre 
des  Chretiens.  La  politique  de  sea  pr^ecesseurs  avait  ete  conatante 
k  oet  egord.     lis  Toyaient  dans  lo  cbristioniBme  nno  socte  accrete. 
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•nti-80cuile,  rvvant  lo  renTorsomcnt  do  I'dnpiro;    corotuc  tons  los 

homines  nttiichcs  atii  vicux  princijws  romains,  ils  crnront  li  la  neccssitc 

Ae  le  rt'jtrimer.     II  n'6tait  pas  l)esoin,  ponr  cela,  d'lklits  spociaux :  les 

loiB  eontro  les  eatas  illiciti,  les  collegia  illicita  6taient  Dombroaecs. 

Loe  cLri-tiens  tombaient,  do  In  mnniuro  la  plas  formelle,  sous  le  coap 

do  ces  loia.     Certes,  il  eut  ^te  digue  du  sago  emperoar,  qni  introduisit 

tant  do  r^formea   pleines  d'hnmanite,  de    supprimer   Ics   edits   qui 

ontrainaient   do   cruolles   ct   injastes   consequences.      Mais    il    faut 

obeorver   d'abord   que   le   veritable   esprit   do   liberty,   cornme  nous 

Tcntendons,  n'etait  alors  compris  do  personno,  et  que  lo  christianisme, 

qnand  il  fut  maitro,  no  le  pratiqna  pas  niicux  que  les  empercurs 

palens ;  en  Booond  lion,  que  I'abrogation  de  la  loi  des  Booietds  illicites 

eut  et^  la  ruine  de  rcmpire,  fonde  essonticUement  sur  ce  principe  quo 

r£tat  no  doit  admettre  en  son  sein  ancune  society  differento  do  Int. 

Lo  principe  etait  mauvais,  selon  nos  idees ;  il  est  bien  certain,  da 

moins,  que  c'etait  la  pierro  angnlairo  do    la  constitution  romnine. 

Marc-Aurelo,  loin  de  I'exagcrer,  rattcnoa  de  toutes  see  forces,  ct  nne 

dee  gloires  do  son  r^gne  est  I'extension  qn'il  donna  an  droit  d'asso- 

ciation.     Cependant  il  n'aUa  pas  jtigqu'&  la  rncino ;  il  n'abolit  pas 

coinpU'tement  les  lois  eontro  los  collegia  illicila,  et  il  en  rtsnlta,  dans 

lea    provinces,    quelqups    applications    iufinimcnt   regrottablos.     Lo 

rcproche  qu'on  pout  lui  faire  est  le  mt'ino  qu'on  poorrait  ndrosser  nnx 

souTerains  do  nos  jours  qni  no  suppriment  pas,  d'un  trait  do  phuno, 

toutes  les  lois  restrictiyes  des  libcrtt-s  do  reunion,  (Vassociatiou,  de  la 

prcoBO.    A  la  distance  oti  nous  somnics,  nous  voyons  bien  quo  Harc- 

Aniele,  en  etant  plus  oompletemcnt  liberal,  efit  eto  plus  sage.     Pont- 

4tre  le  christianisme,  laisscL^  libre,  eOt-il  d^velopjie,  d'uno  fa^on  moins 

ddeastreuse,  le  principe  tbeocratiquc  et  absolu  qui  etait  on  lui.     Mais 

on  ne  sanrait  rcprocher  k  an  homme  d'Etat  de  n'avoir  jtas  provociuo 

one  revolution  rodicale  en  provision  dee  evcnemonts  qui  doivent  arrivor 

ploaicurs  siecles  apres  lui.     Trajao,  Adrien,  Antonio,  Marc-Aardo 

ne  pouvaient  connaitro  des  principcs  d'histoire  gcneralo  ct  d'oconomie 

politique  qui  n'ont  et6  apcr9as  quo  do  cotre  temps,  et  que  nosdomioros 

tivolutions  pouvaient  seales  r6velcr.     En  tout  cas,  la  maneuetudo  da 

bon  cui]>ereur  fut,  en  oeoi,  al'abri  de  tout  roproche.     On  n'a  pas,  ii  cvt 

4gard,  lo  droit  d'etre  plus  difiicilo  que  Tertullion :  "  Consultcz  to* 

■nnales,  dit-il  aux  magistrats  romains,  vous  y  vorrcz  que  les  prinoea 

qui  ont  s^vi  contrc  nous  sout  de  ccux  qu'on  tiont  n  honncur  d'avoir 

oos  poor  persdouteurs.     An  oontraire,  de  tous  les  princes  qni  ont 

reepeot^  les  lois  divines  ct  humaines,   nommez-on    un    scul  qni  ait 

porseont6  les  chrd-tions.     Nous  pouvons  m)'me  on  citcr  an  qni  s'ost 

a6oULr6  lenr  protectour,  le  lage  Marc-Aurole.     S'il  ne  rcvo«]ua  p«a 

oovertcment  les  I'dits  contra  nos  frurcs,  il  en  dt'tniiitit  I'^ffot  (lar  les 

poincs   sevrros   qu'il   etablit   eontro  leurs  accusutcurs."     II  faut  sa  I 

rappeler  quo  Tempiro  romain  etait  dix  ou  donee  fois  grand  oomme  la 

Franoo,  ot  quo  la  rospvnsabilitu  do  I'emiMjrenr  dans  les  jngements  qoi 

■•  reodaicnt  en  proviuco  etait  tros  faiblo.     11  faut  ho  rappeler  sartont  j 

qoe  Ifl  cbristianisine  no  rivlamait  [las  simplcmvut  la  liberte  des  cultes;] 
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tons  loB  onltee  qui  toloraiont  lee  antres  etaient  fort  a  I'aiBc  dans 
I'onipiro ;  ce  qui  fit  au  christianisme  ct  au  judaiBrao  une  situation  a 
part,  c'etait  lour  intoleranoo,  Icur  esprit  d'exclnsion. 

NouB  avons  done  vraiment  raison  do  porter  au  coaur  le  deuil  de 
Marc-Aurt'lc.  Avec  Ini  la  pliilooophio  a  r^igne.  Un  moment,  grace 
A  lui,  lo  monde  a  et^  goaveme  par  Thomme  le  meilleur  ct  le  plus 
grand  de  son  siecle.  D'af&ouses  decadences  snivirent ;  mais  la 
petite  cassette  qui  rcnformait  Ics  pens^es  des  bords  du  Gran  fut 
sauT^e.  II  en  sortit  ce  livro  incomparable  oii  Cpictete  otait  sur- 
passc,  oet  Evangilo  do  oeux  qui  ne  croient  pas  an  surnaturcl,  qui  n'a 
pu  etre  bien  coinprisqno  do  nos  jours.  Veritable  Evangile  etcmel,  lo 
livre  des  Peruiet  ne  vioillira  jamais,  car  il  n'affirmo  aucun  dogme.  La 
Tortu  do  Marc-Aurolo,  comme  la  notre,  repose  sur  la  raison,  snr  la 
nature.  Saint  Louis  fut  un  korame  tri'S  vertuenx,  paroe  qu'il  etait 
chrOtion ;  Marc-Anrolo  fut  lo  plus  picux  des  bonuncs,  non  paroe  qn'il 
6tait  pa'icn,  mais  parce  qu'il  etait  un  bommo  accompli.  U  fut  I'hon- 
neur  do  la  nature  bumaiue  et  non  d'uue  religion  dL-termin£<e.  La 
science  viondrait  a  detruire  en  apparence  Dieu  et  I'&mo  immortelle, 
que  lo  livre  des  Penst^e*  roeterait  jeune  encore  de  vie  et  do  vt-rite.  La 
religion  de  Marc-Aurclo  est  la  religion  absolne,  cello  qui  resulte  du 
simple  fait  d'uue  haute  conscience  morale  plaoeo  en  face  do  Tunivcrs. 
EUe  n'ost  d'aucuno  riico,  ni  d'aucun  pays.  Aucune  revolution,  aacon 
changemcDt,  aucuno  dooouverto  no  pourrout  la  changer. 
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WEEKLY  EVENING  MEETING, 

Friday,  April  23,  1880. 

GxoBOE  BoBK,  Esq.  F.R.S.  Treasurer  and  Vico-Frosident, 
ia  the  Chair. 

WAJ.TKB  Hebbies  Pollock,  Esq.  MJL. 

Duma*  Pare. 

Mb.  Pollock  began  by  stating  that  Alexandre  Dnmas,  the  elder  and 
greater  of  that  name,  has  been,  perhaps,  more  persistently  nndcrrated, 
in  England  at  least,  than  any  nio<lom  writer  of  his  calibre.  His  only 
English  biographer  devoted  his  feeble  powers  to  the  depreciation  of 
his  Bubjoct,  and  swullowod  all  the  malevolent  stories  invented  or 
flnggerated  by  a  pauiphlutccr  whoso  real  name  was  Jacquot,  and  who 
Hmmed  the  better-sounding  name  of  De  Mirecourt.  Thackeray, 
however,  in  the  '  Boundabont  Papers,'  has  constantly  given  praise,  not 
more  high  than  deserved,  to  a  writer  who,  in  the  18:^0  group,  came 
Moond  only,  Mr.  Pollock  thought,  to  the  gonias  who  towered  far 
abore  all  his  companions — Victor  Hugo. 

A  number  of  interesting  details  were  then  given  respecting  the 
life  and  works  of  Dmnas,  selected  from  his  '  Souvenirs  Dramatiques ' 
and  '  Memoiros,'  which  have  scarcely  a  dull  page,  except  when  they 
deal  with  politics. 

Dumas  came  of  a  distinguished  family,  and  had  Creole  blood. 
When  very  young  he  was  a  clerk  in  a  public  o£Scc,  and  was  impelled 
by  his  innate  genius  to  endeavour  to  enlarge  liis  moderate  income 
by  writing  dramas,  having  been  much  excited  thereto  thrnugh  witnesit- 
ing  the  perfunnanoe  of  '  Hamlet '  by  English  actors.  Idolizing  Sbake- 
•poare,  he  aimed  at  copying  him.  The  rejuction  of  his  first  piece, 
'  Ghristine,'  through  the  opposition  of  the  aged  Mademoiselle  Mars 
and  the  jealousy  of  the  Classicists,  has  been  humorously  deacribed  by 
himself;  bat  his  'Henri  III.  et  sa  Cour '  was  highly  BOCoeMfnl  at 
the  Tho&tre  Franfais.  After  giving  an  analysis  of  tliis  striking  play, 
produood  when  its  author  was  only  twonty-six  years  of  age,  Mr. 
Pollock  oonuuentod  on  its  effect  in  loading  the  way  to  the  decisive 
victory  which  Victor  Hugo  gained  over  the  Classicists  by  his 
*  Hemani.' 

Dumas'  gonoroos  appreciation  of  his  oontomporarios  was  then  men* 
tiunul,  as  well  as  his  (parrel  with  his  oollaboratour,  Uaillurdet,  iu 
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the  prwluctioii  of  tbe  '  Tour  do  Nealo.'    Tho  authors  fonght  a  dnol, 
but  cvcutunlly  Gaillardet  rendered  justice  to  his  colleague.  .  .  . 

Dumtts  excelled  in  telling  and  enibelliBhing  romantic  and  humorous 

(■toriea,  and  roodorB  of  'The  Three  Musketeers'  will  remember  many 
iMMMgos  in  which  tho  heroes  of  that  immortal  work  are  coucemed  in 
nuuoy  boyish  escapades.  It  may  be  noted  in  passing  that  amongst 
the  aocnsations  brought  against  Dumas  by  bis  detractors  is  one  to  the 
effect  that  tho  whole  of  'The  Three  Musketeers'  was  written  by 
soraclKxly  else.  It  nood  hardly  be  said  that  the  notion  is  on  the  face 
of  it  absurd  and  carries  with  it  its  own  condomnatiun.  But  if  Dumas 
excelled  in  light  dialogues  ond  in  tbe  description  of  wild  adventure, 
there  are,  on  the  other  band,  few  writers  who  can  touch  him  in  scenes 
of  dramatic  passion.  "There  are  to  my  mind  few  finer  things  in 
fiction  than  the  scenes  in  tho  sequel  to  '  The  Throe  Musketeers ' — 
'  Twenty  Years  Later '  it  is  called — which  deal  with  the  trial  and 
execution  of  Charles  I.  We  know  that  they  are  not  true  to  history; 
but  while  wo  read  wo  are  compelled  to  believe  in  thora  and  to  follow 
thom  with  breathless  interest,  and  that,  after  all,  has  something  to 
Bay  to  the  question  of  art,  whether  in  a  novelist,  a  painter,  or  on 
actor.  I  remember  a  conversation  between  M.  Monuet-SuUy  and 
an  EngliHh  critic  concerning  the  performance  of  Hamlet  by  Mr. 
Irring.  Tlio  critic  pointed  out  this  and  that  defect,  wliich  ho  had 
discovered  in  the  Englishman's  rendering.  The  Frenchman  heard 
him  out,  and  replied,  *  It  may  be  all  as  you  say,  but  what  dties  that 
matter  ?  I  c*n  only  tell  you  that  he  moved  me  as  no  other  actor 
has  ever  moved  mo,  and  tlmt  is  all  that  I  care  about.'  There  is,  it 
seems  to  mo,  in  this  sjx>och  a  great  truth,  to  be  accepted  of  course, 
like  most  generalities,  with  certain  reservations.  If  no  fault  wer« 
to  be  found  with  any  jwrformance  which  stirs  our  feelings,  the 
oovupation  of  criticism  would  bo  gone.     Tho  crudest  means  might  be 

(employed  to  hnrrow  up  the  emotions  and  might  pass  for  exquisite 
art.  But  when  a  high-toned  and  highly  artistic  effort  is  made  to 
move  US  and  succeeds  in  moving  us,  then  surely,  though  we  need  not 
bo  blind  to  the  Bhortcominga  of  tbe  attempt,  yet  it  is  better  to  dwell 
more  on  its  succcBsful  than  on  its  insufficient  results. 

"  Dunioa  Pore  was  not  of  course  a  deliberately  moral  writer,  but 
there  is  hardly  one  of  his  books  which  can  bo  the  cause  of  im- 
morality to  any  roasonahlo  grown-up  person ;  while  one,  *  La 
Tulipo  Noire,'  sjxicially  mentioned  by  Thackeray,  has  not  a  line 
which,  to  quote  Mr.  Podsnap,  can  call  a  blush  to  tho  cheek  of  tho 
young  person.  As  to  Dumns  succeeding  in  moving  his  readers,  that 
of  course  must  bo  a  matter  of  individual  opinion  and  experience. 
We  live  in  a  free  country,  and  no  one  is  forced  to  admire  or  like 
Dnnias'  writing.  But  those  who  do  not  are,  I  think,  deprived  of  a 
considerable  pleasure. 

"  Dumas  was  born  in  1802  at  Villers  Cotterets,  a  small  country 
town  between  Paris  and  Rheiras,  and  he  died  in  1870.  He  began 
writing  when  he  was  between  twenty  and  thirty,  and  in  the  course 
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of  his  life  he  prodacod  rather  more  than  three  handled  romances  and 
eighty  drauias,  besides  ephemeral  articles.  Oue  of  his  dotracturs  neut 
through  an  elaborate  calculation  to  prove  that  no  one  man  could  have 
written  every  word  tliat  appeared  with  Damas'  name  attached  to  it. 
It  would  bo  absurd  to  argue  that  he  did  write  every  such  word,  and 
his  admirers  woald  perhaps  bo  sorry  to  think,  from  a  literary  point  of 
riew,  that  ho  was  guilty  of  all  the  stuff  that  was  put  forth  uudur  his 
name.  The  third  volume  of  '  Les  Quarante  Cinq,'  for  instance,  ia 
moat  obviously  from  an  alien  hand.  From  a  moral  point  of  view  it  ia 
not  perhaps  desirable  to  defend  the  practice  of  adopting  other  people's 
work  as  one's  own.  Only  let  it  bo  observed  that  the  work  which 
Dnmas  did  so  adopt  is  never  equal  to  his  own,  and  can  be  recognized 
■s  not  being  his  own,  jnst  as  the  pupil's  work  in  what  are  called  the 
studio-pictures  of  t)ie  old  masters  can  be  recognized.  J^^ 

"  As  to  his  being  merely  an  arranger  of  other  people's  ideas,  that  UH 
a  charge  which  might  as  easily  and  as  justly  be  brought  against  many 
writers  of  greater  genius  and  fame.  Ho  never  conceale<l  the  sources 
of  his  inspirations.  He  has  recorded  how  his  first  successful  drama 
was  founded  on  a  passage  in  au  old  French  chronicler,  and  on  a 
chapter  in  Walter  Scott.  Is  there  anything  more  disgraceful  in  thus 
patting  two  and  two  together  than  in  Shakespeare's  going  for  his 
plots  to  Holinshcd  ?  If  taking  suggestions  from  history  and  fiction 
is  criminal,  then  almost  every  writer  of  mark  is  worthy  of  the  hulks. 
But  the  fact  is  that  the  moanest  reptile,  if  it  has  a  sting,  is  capable 
of  doing  damage  out  of  all  propoi-tion  to  its  ai)parcnt  power.  The 
artfully  concocted  slanders  of  Jacquot,  self-styled  De  Mirccourt, 
have  left  their  mark.  They  have  been  eagerly  seized  on  by  all  the 
tribe  of  writers  to  whose  nature  the  key-note  is  envy ;  and  they 
have  spread  so  far  that  unhai>pily  one  cannot  say  of  them,  what  Pierre 
Clement  said  of  a  libellous  |)amphlct  on  Colbert,  published  just  after 
the  great  Minister's  death,  '  History  takes  no  notice  of  these  anony- 
mous insults.'     All  one  can  do  is  to  lift  up  one's  voice  against  tliom. 

"  To  sum  up,  Dumas  was  bom,  as  has  been  said,  in  1802,  and  died 
in  1870.  When  as  a  very  young  man  he  occupied  a  somewhat  dreary 
position  as  a  clerk  in  a  public  office,  he  was  fired  by  a  noble  ambition 
which  first  assumetl  a  definite  shajN)  under  the  influence  of  Shake8()eare. 
He  roee,  and  quickly,  to  the  very  height  of  success.  It  was  his  fault 
that  he  bore  himself  with  less  dignity  after  than  before  he  had  at- 
tained his  success,  for,  amongst  other  things,  it  certainly  was  some- 
what undignified  to  adopt  the  system  of  unacknowledged  collaboration. 
But  even  if  the  greater  part  of  the  charges  brought  against  him  in 
thia  respect  wer«  admitted,  it  would  still  be  seen  that  his  industry 
waa  no  lesa  extraordinary  than  his  imagination.  He  acquired  and 
kept  a  position  in  the  first  rank  aa  a  play-writer,  aa  a  noToUst,  and 
as  a  writer  of  that  kind  of  diacnraive  essay  of  which  Mr.  Sala  is  in 
England  the  master.  He  had  immenae  wit,  not  a  little  poetical  feelia& 
a  perfect  oommand  of  dramatic  reaonroo,  and  unflagging  gaiety.  \(_ 
he  wrote  much  that  oue  would  not  put  into  the  bands  of  boya 
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maidens,  jot  there  is  some  of  his  writing  which  is  stainless,  and 
where  is  there  an  author  of  the  same  calibre  who  has  written  ex- 
clusively for  boys  and  maidens  ?  His  method  was  at  any  rate,  like 
that  of  the  play-writer  qnoted  by  Hamlet,  'an  htmcst  method';  he 
did  not  palter,  as  the  modern  French  school  of  pliiy-writing  does, 
■with  vice  and  virtue,  keeping  one  foot  in  the  dominion  of  earth,  and 
casting  a  false  glamour  of  splendour  around  corruption.  He  made 
immense  sums,  and  unhappily  spent  them  more  easily  than  ho  got 
them.  He  was  open-handed  to  a  fault.  He  had  a  child-like  vanity 
and  a  child-like  simplicity  mixed  with  a  curious  astuteness.  His 
name  will  I  think  live,  and  his  work  be  rated  at  its  proper  value 
long  after  the  efforts  of  his  detractors  ore  forgotten." 


WEEKLY  EVENING  MEETING, 

Friday,  April  30th,  1880. 

Thouab  Boioott,  M.D.  r.L.8.  Vice-President,  in  the  Obair. 

G.  J.  RoMANKs,  Esq.  F.R.8, 

Menial  Evolution. 


(Abitiaot  deferred.) 
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ANNUAL    MEETING, 

Saturday,  May  1,  1880. 

Gboboi  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President, 
in  the  Choir. 

The  Annual  Report  of  the  Committee  of  Visitors  for  the  year 
1879,  testifyinc;  to  the  continued  prosperity  and  efficient  managemcni 
of  the  Institution,  was  read  and  adopted.  The  Real  and  Funded 
Property  now  araoants  to  nearly  85,000Z.,  entirely  derived  from  the 
Contributions  and  Donations  of  the  Members. 

Forty-nine  new  Members  paid  their  Admission  Fees  in  1879. 

Sixty-seven  Lectures  and  Twenty  Friday  Evening  Discourses  were 
delivered  in  1879. 

The  Books  and  Pamphlett  presented  in  1879  amounted  to  about 
278  volumes,  making,  with  509  volumes  (including  Periodicals  bound) 
purchased  by  the  Managers,  a  total  of  787  volumes  added  to  the 
Library  in  the  yeu*. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
thsir  aerrioes  to  the  Institution  daring  the  past  year. 

The  following  Gentlemen  were  nnauimously  elected  as  Officers 
for  the  ensuing  year : 

PitEstDKKT — The  Duke  of  Northumberland.  D.C.L.  LL.D. 
TaiASOBEB— George  Busk,  Esq.  F.R.C.S.  F.R.S. 
SiouTABT— Warren  De  La  Rue,  Esq.  M.A.  D.C.L.  F.R.S. 


MANAOIBa. 

Th«  Eirl  Bitbant. 

G«ar(a  B«rkl«T,  tta.  M.I.C.E. 

William  Bowmu,  ^.  F.R.S.  F.R.C.S. 

Thomu  Boycott,  H.D.  F.LS. 

FrwUrick  Jnwph  Bnmwoll,  £«|.  F.R.S. 

Jawrph  Brown,  Ew].  Q.C. 

n*  bri  of  [Vrbv.  »I  A.  I.LD.  F.R.8. 

Ccpt.  ttouKlu  OiiltoD,  C.U,  D,C.L,  F.K.S, 

H«ii.  Sir   Wm.    K.  Oror*,  M.A.   O.CL. 

K.R.s. 
rvurH<nrrlUwkiD>,E«a  F.R.S.  F.R.C.S. 
William  W^lktM  Uojrd,  £*q. 
Hcarv  Pollock,  Em. 
Joha  Ka*.  If.D.  LLD. 
BoUrt  P.  R«ap*ll.  E«q.  M.A  Q.C. 
Jams  8|Mddiag.  £*q. 


Visitors. 

0«orgc  B.  BacktoD,  Ew].  F.R.3.  F.LS. 

Stephen  Bu>k,  Eiq. 

The  Lord  Sackrille  C«:i1. 

0*org«  Homuri  Darwin,  Eaq.  MJL  F.R.3. 

William  Hear;  Domrille,  liq. 

Jam^«  N.  Dnuglae*,  lUq. 

Right  Hon.  The  ImtA  CUud  Hiimllton. 

Alfred  0.  H«nriqae\  Eot. 

Robert  M«na.  M  l>.  P.R.C.S. 

John  Fletcher  Moulton,  Kiq. 

WillUm  Henry  Pr««c«,  Eeo.  M.I.C.L 

Uchlu  ItMkiototh  Rtto,  E«). 

Jam**  Remnot,  bq. 

Uoo.  JoKa  Qogo  Prooiierfwt  Vereker. 

Bdw*M  Wood*,  Em|.  MJ.&E. 

3  D  3 


Oeneral  Monthly  Meeting. 
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GENERAL  MONTHLY  MEETING. 

Monday,  May  3,  1880. 

G«OBOB  Bum,  Esq.  F,E.8.  Treasurer  and  Vice-President,  in  the  Chair. 

The    following    Vico-Presidents    for    the    ensoing    year    were 
annonncod : — 

Earl  Bathnnit. 

William  Bowman,  Esq.  F.R.S. 

Thomas  Boycott,  M.D.  F.L.S. 

Josepb  Brown,  Esq.  Q.C. 

George  Busk,  Esq.  F.R.S.  Treasurer. 

"Warren  De  La  Rue,  Esq.  M.A.  D.O X.  F.E.S.  Secretary. 


Colonel  .Tames  McLcod  Innos,  R.E. 
Sydney  Ernest  Kennedy,  Esq. 
Mrs.  Bornorda  Lees, 
Edward  Pollock,  Esq. 
Charles  Van  Raalto,  Esq. 

were  elected  Members  of  the  Royal  Listitntion. 

John  Ttndall,  Esq.  D.C.L.  LL.D.  F.R8. 
was  re-electod  Professor  of  Natural  Philosophy. 

The  Managers  reported  that  they  bad  re-appointed  PaorKssoB 
Ja21E8  Dkwab,  M.A.  F.R.S.  as  Fullcrian  Professor  of  Chemistry. 

The  Prkbknts  received  sineo  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 


FBOU 


Tome  rv. 


Aocadrmia  del  Lineei,  ReaU,  Soma — Atti,  BerieToiza:   Tronsunti ; 

Faso.  4.    4to.     1879. 
AgriniUural  Society,  Koyal — Journal,  Second  Series,  Vol.  XV.  Part  1.   8to.   1880. 
American  Academy  of  Artt  and  Sciawe* — I'TOceodincB,  New  Scries,  Vol.  VI.    8to. 

1879. 
American  hirtrwiort  of  Deaf  and  Dumb — Proceedings  of  Ninth  Convention  at 

Oolumbiw,  Ohio,  August,  1878.     8vo.     1879. 
American  Philotophical  Society — Proocodings,  Nos.  103,  104.    8to.     1879. 
Antiqwiriet,  Society  o/— Frocoedings,  Second  Series,  Vol.  VHI.  No.  2.   8vo.   1880. 
Atiatic  Society  of  Bengal — Proeeedings,  1879,  No«.  5,  6,  10.     8to. 
Attronomical  Society,  Boyal— Monthly  Notice*.  Vol.  XL.  No.  5.     8to.     1880. 
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Anton  SoeiXyo/A'o<MroZff(«tory— Memoirs, VoLin.PartL Not.  1,2.  4to.  1878-8. 
Piwcedingg.  VoL  XIX.  Parts  3,  4.    Vol.  XX.  Part  J.    8vo.     1878-9. 
Guide*  for  Srieiioe-Teaobing,  by  Mr.  A.  Hjatt,  Mra.  Agoasiz,  and  otheiv.    Hot. 
IS.     J6to.    1878-9. 
Brihth  .irchUai:  Royal  InUilvte  o/— 1870-80:  ProceedingB,  Noa.  11,  12,  13.  4to. 

Tmiuacduna,  No.  7.    4  to. 
BrndmUL,  J.  C.  MD.  F.R.S.  (Ihe  Author)— The  Care  of  the  luaano  and  their 

LapU  Oontrol.     l6to.     1880. 
Cktmieal  Soritti/ — Joamal  for  April,  1880.    8to. 
Comptroller  of  the  Curreney,  United  State$,  N.A. — Annual  Report  for  1879.    8to. 

1879. 
De  la  Rut,  Warren,  Etq.  II.A.  D.C.L.  F.R.8.  See.  R.I.  and  Hugo  W.  ilStter, 
Ptt.D.  F.R.S.  M.R.HUM-  .^u^iiora)— Ex|>erimental  Researcbca  un  the  Eleotrio 
Ducborge  witb  the  Chloridu  of  Silver  Battory.    Part  III.    (Phil.  Tiasa. 
vol.  171.)    4to.     1880. 
£iii'tor«— American  Journal  of  Science  for  April,  1880.    8vo. 
Analyst  for  April,  1880.    8to. 
Atbenieum  for  April,  1880.    4to. 
Chemical  News  for  April,  1880.    4to. 
Engineer  for  April,  1880.    fol. 
Ilorologica.1  Journal  for  April,  1880.    8to. 
Iron  for  April,  1880.     4lo. 
Journal  for  Applied  Science  for  April,  1880. 
Nature  for  April,  1880.     4to. 
Tel^raphic  Journal  for  April.  1880.    8vo. 
Eriditen,  J.  Erie,  Etq.  (the  Author) — Address  a 

and  Chimrgical  Society,  March  1,  1880.   (Proc.  Med.  C'b.  Soo.  1M80.) 

Franklin  /fi*j4<M/«— Journal,  No.  062.    8to.     1880. 

Geographical  Society,  Royal— ProceedingB.'Se-w  Scriet.  \o\.n.iIo. 4.   Sro.    1880. 

Grijin,  Meant.  J.  J.— Chemical  Handicraft.    New  Edition.     12mo.     1877. 

Haydtn,  Dr.  F.  {the  Author)— Tinlh  Annual  Report  of  the  I'niU-d  States  Oeo- 

logioal  and  Geographical  Surrey  of  the  Territories:   Colorado,  &o.     8to. 

1878. 

Itmgmamt  and  Co.  Mtttrt.  (<Ae  P<iU<sk«r«>— K.  Hillebrand  :    Biz  I.«ctnrea  on 

German  Thought  from  the  Seven  Yuui'  War  to  Goethe's  Death  (dolivered 

at  the  Roral  Institution  in  1879).     lOto.     1880. 

JMmoI  ami  Oururgical  Society,  Aoyai— Procaedings,  No.  50.    8vo.     1880. 

Fkarmaaatlieal  &m»«<'/— Jooniol,  April,  1880.    8to. 

PMogniiiMc&x^y— Journal,  NewSeriea,  Vol.  IV.  No.  8.    8to.     1880. 

quarttrmain,  Mr.  W.  (fU  Author)— The  Chrysalis  Unfolding,  or  UniverMl  Trwu- 

itfan  achieved  by  St«am  Power.    (O  17)    lOlo.    1880. 
8L  JMsrsCewy.  Aead^mie  dm  &ieiu)e*— Bnllotins,  Tooie  XXVL  No.  1.   4<a    18801 
aMMtol  Ax«e<y— Journal.  Vol.  XUL  Part  1.    8vo.    1880. 
Ady.  Jamit,  Etq.  M.A. — Sensation  and  Intuition :   Stndiea  in  Fajobology  and 
Artbetica.    8to.     1874. 
PewJmiaBi :  a  History  and  a  Criticism.    8vo.    1877. 
Sfmmt,  a.  /.—Monthly  Me(edh>logical  Magazine,  March.  April,  1880.    8Ta 
nUgrapk  Rngintin,  8ot»Hv  e/^-Jonmal.  Part  31.    8vo.    1880. 
Vai^trmiofLemdom  ■  Oalandar  fur  1880.    lOto.    1880. 

Xoelogioal  Soaktt  </  ItfMini-TmnitacUouB,  VoL  X.  Part  IS;  VoL  XL  Part  I. 
4to,    1879-a). 
Procncding*.  1879.     Part  4.    8vo.     1878. 
List  of  the  Vcrtebratcd  Animals  In  the  Garden*.    Firtt  Supplement  4to.  1870. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  7,  1880. 

Thomab  Boycott,  M.D.  F.L.S.  Vico-Prosident,  in  tbe  Cbair. 

William  Hkniit  Flowkr,  LL.D.  F.R.S.  P.Z.S.  &c. 

Hunterian  Frofoeaor  of  Compnrativo  Anatomy,  Boynl  College  of  Surgeona  of 

Knglunil, 

Fashion  in  De/ormlh/. 

I  HATE  to  ask  your  attention  tliis  evening  to  certain  outward  mani- 
feetalions  of  a  propensity  common  to  hanian  nature  in  every  aepect  in 
which  we  are  acqimintod  with  it — tlio  most  primitive  and  barbarous, 
and  tbe  most  oivilizcd  and  refined — but  one  wkiob  is,  as  fur  as  I 
know,  peculiar  to  bnmiin  iinture. 

I  sball  speak  of  dtfonnilij  in  the  sense  of  alteration  of  tbe  natural 
form  of  any  part  of  the  body,  and  those  cases  of  voluntary  dofonuation 
will  bo  considered  wbicb  are  perfonned,  not  by  isolated  individuals, 
or  with  special  motives,  but  by  considerable  numbers  of  members  of 
a  community  in  imitation  of  one  another — in  fact,  according  to/a»7iion, 
"  that  most  inexorable  tyrant  to  which  the  greater  part  of  mankind 
are  willing  slaves." 

Fashion  is  now  often  associated  with  change,  but  in  more  primi- 
tive communities  fashions  of  all  sorts  are  more  permanent  than  m'th 
us ;  and  in  all  communities  such  fashions  as  thnso  I  nm  now  speak- 
ing of  ore,  for  obvious  rcjisous,  far  less  likely  to  bo  subject  to  the 
fluctuations  of  caprice  than  those  affecting  the  dress  only,  which,  even 
in  ShakosiMjaro's  time,  changed  so  ofteu  that  "  the  fiishion  wears  out 
more  apparel  than  the  man."  Alterations  once  mailc  in  the  form  of  the 
body  cannot  bo  discarded  or  modified  in  the  lifetime  of  the  individual, 
and  therefore  as  fashion  is  intrinsically  imitative,  such  alterations 
have  the  strongest  jiossible  tendency  to  be  reproduced  generation 
after  generation. 

The  origins  of  these  fashions  are  mostly  lost  in  obscnrity,  all 
attempts  to  solve  them  being  little  more  than  guesses.  Some  of  them 
have  become  associated  with  religious  or  superstitious  observances, 
and  so  have  been  spread  and  jierpetuated ;  some  have  been  vaguely 
thought  to  be  hygienic  in  motive;  most  have  some  relation  to  con- 
ventional standards  of  improved  personal  appearance ;  but  whatever 
their  origin,  the  desire  to  conform  to  common  usage,  and  not  to 
appear  singular,  is  the  prevailing  motive  which  leads  to  their  con- 
tinuance. 

The  most  convenient  classification  of  those  customs  will  be  one 
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which  is  bftsed  upon  the  part  of  the  body  affected  by  them,  and  I  will 
begin  with  the  more  BU{>erficial  and  comparatiTelj  trivial — the  treat- 
ment of  the  hair  and  other  appendages  of  the  skin. 

Hero  we  are  at  once  introduced  to  the  domain  of  fashion  in  her 
most  potent  sway.  The  facility  with  which  hair  lends  itself  to  variouB 
methods  of  treatment  has  been  a  teniptiitiun  too  great  to  resist  in  all 
known  conditions  of  civilization.  Iimnmerable  variations  of  custom 
exist  in  different  parts  of  the  world,  and  marked  changes  in  at  least 
all  more  or  less  civilized  communities  have  characterized  snccessive 
epochs  of  history.  Not  only  the  length  and  method  of  arrangement, 
bot  even  the  colour  of  the  hair,  is  changed  in  obedience  to  caprices  of 
fashion.  In  many  of  the  islands  of  the  Western  Pacific,  the  naturally 
jet-black  hair  of  the  natives  is  converted  into  a  tawny  brown  by  the 
application  of  lime,  obtained  by  burning  the  coral  found  so  abundantly 
on  their  shores;  and  not  many  years  since  similar  moans  wore 
employed  for  prodncing  the  same  result  among  the  ladies  of  Western 
Europe — a  fact  which  considerably  diminishes  the  value  of  an  idea 
entertained  by  many  ethnologists,  that  community  of  custom  is 
evidence  of  coinmimity  of  origin  or  of  race. 

Notwithstanding  the  painful  and  laborious  nature  of  the  process, 
wlien  conducted  with  no  better  implements  than  flint  knives,  or  pieces 
of  splintered  bone  or  shell,  the  custom  of  keeping  the  bead  closely 
shaved  prevails  extensively  among  savage  nations.  This,  doubtless, 
tends  to  cleanliness,  and  perhaps  comfort,  in  hot  countries ;  but  the 
fact  that  it  is  in  many  tribes  practised  only  by  the  women  and 
children,  shows  that  those  considerations  are  not  those  primarily 
engaged  in  its  perpetuation.  In  some  coses,  as  among  the  Fijians, 
while  the  heads  of  the  women  are  commonly  cxoppod  or  closely 
shaved,  the  men  cultivate,  at  great  expense  of  time  and  attention,  a 
luxuriant  and  elaborately  arrangctd  mass  uf  hair,  exactly  reversing  the 
conditions  met  with  in  tlio  most  highly  civilized  nations. 

In  some  regions  of  Africa  it  is  considered  neoeasary  to  female 
beauty  carefully  to  eradicate  the  eyebrows,  s])ecial  pincers  for  the 
purpose  forming  part  of  the  a]ii)liance8  of  the  toilette ;  while  the 
various  methods  of  shaving  and  cutting  the  beard  among  men  of  all 
nations  are  too  well  known  to  require  more  than  a  passing  notice. 
The  treatment  of  finger  nails,  both  as  to  colour  and  form,  has  also 
been  subject  to  fashion ;  but  the  practical  inconveniences  attending 
the  inonliuate  length  to  which  thoMi  are  ponnitted  to  grow  in  some 
parts  of  the  east  of  Asia,  appears  to  have  restricted  the  custom  to  a 
few  localities. 

If  time  allowed,  the  exceedingly  wide-spread  custom  of  tattooing 
the  skin  might  be  hero  considered,  as  a  rcsnit  of  the  same  proiK-nsity 
as  that  which  prodaces  the  other  more  serious  doformatious,  now  to 
bo  spoken  of;  but  it  will  bo  as  well  to  pass  at  once  to  those. 

The  nose,  the  lips,  and  the  cars  have  in  almost  all  races  offered 
great  temptations  to  be  used  as  fonndations  for  the  display  of  oma- 
meui,  some  prooesa  of  boring,  cutting,  or  alteration  of  form  being 
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aeoenwy  to  render  tLom  fit  for  the  purpose.  When  Captain  Cook, 
exactly  one  hnudrcd  yours  ago,  was  deBcribing  the  naked  eavitgcs  of  tbo 
east  coast  of  Australia,*  he  Bays  : — "  Their  princi|ial  ornament  is  the 
bone  which  thoy  thnist  throuKh  the  cartilage  whicli  divides  the  noHtrils 
from  each  other.  What  perTcrsiun  of  taste  cnnld  make  them  think 
this  a  deooratioD,  or  what  could  prompt  them,  before  they  had  worn  it 
or  Boen  it  worn,  to  suffer  the  paia  and  inconvenience  that  must  of 
necessity  attend  it,  is  perhaps  beyond  the  power  of  human  sagacity  to 
determine.    As  this  bono  is  as  thick  as  a  man's  finger,  and  between 

Fio.  t. 
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five  and  sis  inches  long,  it  reaches  quite  across  the  face,  and  so 
eflfectually  stops  up  both  the  nostrila  that  they  are  forced  to  keep  their 
months  wide  open  fur  breath,  and  suufllo  bo  when  they  attempt  to  speak 
that  they  are  scarcely  intelligible  oven  to  each  other.  Our  seamen, 
with  some  humour,  called  it  their  spritsail-yard  ;  and  indeed  it  had  so 
ludicrous  an  appoaranco,  that  till  we  were  used  to  it  we  found  it  difficult 
to  refrain  from  laughter." 

Eight  years  later,  on  his  visit  to  the  north-west  coast  of  America, 
Captain  Cuuk  founil  precisely  the  same  coBtom  prevailing  among  the 
natives  of  Prince  William's  Sound,  whose  mode  of  life  was  in  most 
other  respects  quite  dissimilar  to  that  of  the  Australians,  and  who 
belong  etlmologically  to  a  totally  different  branch  of  the  human  race. 

In  1681,  Dampierf  thus  desoribes  a  custom  which  he  found  oxist- 

•  '  Firet  Voyage,"  vol.  ii.  p.  633. 

t  '  Voyage  Rmmcl  the  World,'  cd  1717,  vol.  i.  p.  32. 
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ing  Bmong  the  natives  of  the  Com  IslandB,  oS  the  Mosqaito  Coast, : 
Gontral  America  : — "  They  have  a  Fashion  to  cut  Holes  in  the  LipB  i 
the  Boys  when  they  are  young,  close  to  their  Chin,  which  they  ke( 
open  with  little  Pegs  till  they  are  fourteen  t 
fifteen  years  old ;  then  they  wear  Beards  in  then 
made  of  Turtle  or  Tortoise-slioll,  in  the  Form  yc 
sec  in  the  Margin.  The  little  Enotch  at  the  npp4 
end  they  put  in  through  the  Lip,  where  it  remaii 
between  the  Teeth  and  the  Lip ;  the  nnder  Pa! 
hangs  down  over  their  chin.  This  they  common] 
wear  all  day,  and  when  they  sleep  they  take  it  on 
They  Lave  likewise  Holes  bored  in  their  Ears,  bot 
Men  and  Women,  when  yonng,  and  by  continni 
stretching  them  with  great  Pegs,  they  grow  to  I 
as  big  as  a  mill'd  Five-shilling  Piece.  Herein  the 
wear  Pieces  of  Wood,  cut  very  round  and  smootJ 
so  that  their  Ear  seems  to  be  all  Wood,  with  a  litti 
Skin  abont  it." 

It  is  a  remarkable  thing  that  an  almost  exactly  similar  custom  sti 
prevails  among  a  tribe  of  Indians  inhabiting  the  southern  part  ( 
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Botocndo  tndiaii;  from  Bigg-With«r't  *  riano«ring  in  South  Braiil '  (1878). 

Brazil — the  Botocndoe,  so  called  from  a  Portuguese  word  moMiiog 
plug  or  stopper.  Among  these  |HX)plo  the  lipomamcnt  conoista  of 
conical  piece  of  hard  and  polisheil  wmkI,  fre<][ncutly  weighs  a  <),iMrtafi 
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a  ponnd,  and  drags  down,  elongates,  and  ovorts  the  lower  lip,  so  as  to 
expose  the  glims  and  teeth,  iu  a  manner  whicli  to  our  taste  is  hideons, 
but  with  thcin  is  considered  an  ossi.'iitinl  adjunct  tu  an  attructivo  and 
correct  appearance. 

In  the  extreme  north  of  America,  the  Eskimo  "  pierce  the  lower 
lip  nndcr  one  or  l)oth  comers  of  the  month,  and  insert  in  each  aper- 
ture a  double-hendtd  sleeve-button  or  duiub-bell-t>})uped  labrct,  of  bone, 
ivory,  shi'll,  stono,  glass,  or  wood.  The  incision  when  first  made  is 
about  the  size  of  a  quill,  but  as  the  aspirant  for  improved  beauty  grows 
ol<^or,  the  size  of  the  orifice  is  enlarged  until  it  readies  the  width  of 
half  to  thrc<!-<nmrtcr8  of  an  inch."  •  Tliose  operations  njipcar  to  be 
practised  only  on  the  men,  and  are  supposed  to  poKsess  some  signifi- 
cnnoc  other  than  that  of  mere  ornamuut.  The  tirst  ])iercing  of  the 
lip,  which  is  acoompaiiicd  by  some  solemnity  as  a  religions  feast,  is 
performed  on  approaching  manhood. 
I  But  the  people  who  have  carried  these  strange  customs  to  the 
'  greatest  excess  are  the  Thliuk(K>ts,  who  inhabit  the  south-eastern 
shores  of  Alaska. t  "  Here  it  is  the  women  who,  in  piercing  the  noso 
and  ears,  and  filling  the  ni)erturcB  with  bones,  shells,  sticks,  pieces  of 
copper,  nails,  or  attaching  thereto  heavy  pendants,  which  dnig  down 
the  organs  and  pull  the  features  out  of  place,  appear  to  have  taxed 
their  inventive  powers  to  the  utmost,  and  with  a  success  unsurpassed 
by  any  nation  in  the  world,  to  produce  a  model  of  hideous  beauty. 
This  success  is  achieved  in  their  woiwlen  lip-ornament,  the  crowning 
glory  of  the  Thliiikeet  nation,  dcscrihcd  by  a  multitude  of  eye-witnesses. 
In  all  fomalc  free-born  Thlinkeot  children,  a  slit  is  made  in  the  under 
lip,  parallel  with  tlio  mouth,  and  about  half  an  inch  below  it.  A  copper 
wire,  or  a  piece  of  uliell  or  wood,  is  intrexluced  into  this,  by  which  the 
woimd  is  kept  open  and  the  aperture  extended.  By  gradually  intro- 
ducing larger  olijeets  the  required  dimensions  of  the  opening  are 
produced.  On  attaining  the  age  of  maturity,  a  block  of  wood  is  in- 
serted, usually  oval  or  elliptical  in  shape,  concave  on  the  sides,  and 
grooved  like  the  wheel  of  a  jmlley  on  the  edge  in  order  to  keep  it  in 
place.  The  dimensions  of  the  block  are  from  two  to  six  inches  in 
length,  from  one  to  four  inches  in  width,  and  about  half  an  inch  thick 
round  the  edge,  and  it  is  highly  polished.  Old  age  has  little  terror  in 
the  eyes  of  a  Thliukoet  belle ;  for  larger  lip-blocks  are  intri>duced  as 
years  advance,  and  each  enhu'gonicnt  adds  to  the  lady's  social  status, 
if  not  to  her  facial  charms.  When  the  block  is  withdrawn,  the  lip 
drops  down  upon  the  chin  like  a  piece  of  leather,  displaying  the  teeth, 
and  presenting  albigethor  a  ghostly  spectacle.  The  privilege  of  wear- 
ing this  ornament  is  not  extended  to  female  slaves." 

In  this  method  of  adornment  the  native  Americans  are,  however, 
rivalled,  if  not  eclipsed,  by  the  negroes  of  the  heart  of  Africa. 

•  H.  H.  Bancroft,  'Native  RRces  of  the  Piiciflc  States  of  North  Amerioa.' 
vol.  i.  187.'). 

t  See  Bnncrofl,  op.  ci7.  vol.  i.  for  uumeronB  citations  from  original  obsorveri 
regarding  then  customi. 
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"  The  BoNOO  women  (says  Scliwcinfurtli  *)  delight  in  dietingnishing 
themselves  bj  an  adornment  which  to  our  notion  is  nothing  less  than 
a  hideous  mutilation.  As  soon  as  a  woman  is  married,  tlic  operation 
oommences  of  extending  her  lower  lip.  This,  at  first  only  slightly- 
bored,  is  widened  by  inserting  into  the  orifice  plugs  of  wood,  gradually 
inereMing  in  size,  nntil  at  length  the  entire  feature  is  enlarged  to 
five  or  six  times  its  original  proportions.  The  plugs  are  cylindrical 
in  form,  not  less  than  an  inch  thick,  and  are  exactly  like  the  i>egs  of 
bone  or  wood  worn  by  the  women  of  Musgoo.  By  this  means  the 
lower  lip  is  extended  horizontally  till  it  projects  far  beyond  the 
upper,  which  is  also  bored  and  fitted  with  a  copper  plate  or  nail,  and 
now  and  then  by  a  little  ring,  and  sometimes  by  a  bit  of  straw,  about 
as  thick  as  a  Incifer-match.  Nor  do  they  leave  the  nose  intact ; 
tdmilar  bits  of  straw  are  inserted  into  the  edges  of  the  nostrils,  and  I 
have  seen  as  many  as  three  of  those  on  each  side.  A  very  favourite 
ornament  for  the  cartilage  between  the  nostrils  is  a  copper  ring,  just 
like  those  that  arc  placed  in  the  noses  of  bufialoca  and  other  beasts  of 
burden  for  the  purpose  of  rendering  them  more  tractable.  The 
greatest  coquettes  among  the  ladies  wear  a  clasp,  or  cramp,  at  the 
comers  of  the  mouth,  as  though  they  wanted  to  contract  the  orifice, 
and  literally  to  put  a  curb  upon  its  capabilities.  These  subsidiary 
ornaments  are  not,  however,  found  at  all  universally  among  the 
women,  and  it  is  rare  to  see  them  all  at  once  upon  a  single  individual ; 
the  plug  in  the  lower  lip  of  tlie  married  women  is  alone  a  sineqmi  noH, 
serving  as  it  does,  fur  an  artificial  diBtinctiun  of  race." 

The  slightest  fold  or  projection  of  the  skin  fumixhcs  an  excniM 
for  boring  a  hole,  and  inserting  a  ]i1ug  or  a  ring.  There  are  women 
in  the  country  whose  bodies  arc  pierced  in  some  way  or  other  in  little 
abort  of  a  hundred  different  places,  and  the  men  are  often  not  far 
behind  in  the  profusion  with  which  this  kind  of  adornment  is  carried 
out. 

"  The  whole  gronp  of  the  Mittoo  exhibits  pconliarities  by  which 
it  may  be  distinguished  from  its  neighbours.  The  external  adorn- 
ment of  tlie  body,  the  costume,  the  ornaments,  the  mutilations  which 
individuals  undergo — in  short,  the  general  fasliions — have  all  a  dis- 
tinctive character  nf  their  own.  The  most  remarkable  is  the  revolting, 
because  unnatural,  manner  in  which  the  women  pierce  and  distort 
their  lips  ;  they  soom  to  vie  witli  each  other  in  their  mutilations,  and 
their  vanity  in  this  respect,  I  Itelieve,  surpasses  anything  that  may  bo 
found  throughout  Africa.  Not  satisfied  with  piercing  the  lower  lip, 
they  drag  out  the  upper  lip  as  well  for  the  sake  of  symmetry-t  .... 
Circular  plates,  nearly  as  large  as  a  crowu  piece,  mode  variously  of 
qnartx,  of  ivorr,  or  of  horn,  are  inserted  into  the  lii«  that  have  been 
[  Stralebed  bj  the  growth  of  years,  and  then  often  bent  in  a  position 


•  •  Heart  of  Afrioa,'  vxd.  1.  p.  »7.     ' 

t  The  motUaliao  of  both  lips  wu  aUn  obaervoJ  hy  Rnhlfa  uoon|;  the  wtnnrn 
nf  Kiu(j<>,  in  Bsgig,  bstwecn  Ijikr  TmiI  mid  tlir  n^tnwe. 
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that  is  all  but  horizontal ;  and  whon  the  women  want  to  drink  thej 
Lave  to  elevate  the  upper  lip  with  their  fingers,  and  to  pour  the 
draught  into  their  mouth. 


Fio.  4. 
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"  Similar  in  shape  is  the  decoration  which  is  worn  by  the  women 
of  Maganya ;  but  though  it  is  round,  it  is  a  ring  and  not  a  flat  plate ; 
it  is  called  '  pelele,'  and  has  no  object  but  to  expand  the  upper  lip. 
Some  of  the  Mittoo  women,  especially  the  Loobah,  not  content  with 
the  circle  or  the  ring,  force  a  cone  of  polished  quartz  through  the 
lips  aa  though  they  had  borrowed  the  idea  from  the  rhinoceros.  This 
fashion  of  using  quartz  belemnites  of  more  than  two  inches  long,  is  in 
some  instances  adopted  by  the  men." 

The  trarellor  who  has  been  the  eye-witness  of  such  customs  may 
well  add,  "  Eveu  amongst  these  uncultured  children  of  nature, 
hiunan  pride  crops  up  amongst  the  fetters  of  fashion,  which,  indeed, 
are  fetters  in  the  worst  sense  of  the  word ;  for  fashion  in  the  disttuit 
wilds  of  Africa  tortures  and  harasses  poor  humanity  as  much  as  in  the 
great  prison  of  ciTilization." 

It  seems,  indeed,  a  strange  phenomenon  that  in  such  different 
nM)C6,  so  far  removed  in  locality,  customs  so  singular — to  our  ideas  so 
MTolting  and  unnatural,  and  certainly  so  painful  and  inconvenient — 
should  either  have  been  perpetuated  for  an  enormous  lapse  of  time,  if 
the  supposition  of  a  common  origin  be  entertained,  or  else  have 
developed  themselves  independently. 

These  are,  however,  only  extreme  or  exaggerated  cases  of  the 
almost  nniversal  custom  of  making  a  permanent  aperture  through 


^ 


1880.] 


cm  Fashion  in  Deformity. 


897 


the  lobe  of  the  ear  for  the  purpose  of  inserting  some  adventitions 
object  by  way  of  adornment,  or  even  for  utility,  as  in  the  man  of  the 
Islaud  uf  Mangea,  figured  in  Cook's  Voyages,  who  carries  a  large 
knife  through  a  hole  in  the  lube  of  the  right  ear.  Among  ourselves, 
the  custom  of  wearing  earrings  stiU  survives,  even  in  the  highest 
grades  of  society,  although  it  has  been  almost  entirely  abandoned 
by  one-half  of  the  community,  and  in  the  other  the  perforation  is 
rednoed  to  the  smallest  size  compatible  with  the  purpose  of  carryingi 
the  ornament  suspended  from  it. 

The  teeth,  although  allowed  by  the  greater  part  of  the  world  to 
retain  their  natural  beauty  and  usefulness  of  form,  still  offer  a  field 
for  artificial  alterations  according  to  fashion,  which  has  been  made 
use  of  principally  in  two  distinct  regions  of  the  world  and  by  two 
distinct  races.  It  is,  of  course,  only  the  front  teeth,  and  mainly  the 
upper  incisors,  that  are  available  for  this  purpose.  Among  various 
tribes  of  negroes  of  Equatorial  Africa,  different  fashions  of  modifying 
the  natural  form  of  these  teeth  prevail,  specimens  of  which  may  bo 
found  in  any  large  oolleotion  of  crania  of  these  people.  One  of  the 
simplest  oonsists  of  chipping  and  filing  away  a  large  triangidar  piece 
from  the  lower  and  inner  edge  of  each  of  the  central  incisors,  so  that 
a  gap  is  produced  in  the  middle  of  the  row  in  front  (Fig.  6,  1). 
Another  fashion  is  to  shape  all  the  incisors  into  sharp  points,  by 
chipping  off  the  comers,  giving  a  very  formidable  crocodilian 
ftppoarauee  to  the  jaws  (2) ;  and  another  is  to  file  out  either  a  single 
or  a  double  notch  in  the  cutting  edge  of  each  tooth,  producing  a 
serrated  border  to  the  whole  series  (3). 

Fio,  5. 
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The  Malays,  however,  excel  the  Afrioans,  both  in  the  universality 
and  in  the  fantaatic  variety  of  tlieir  supposed  improvements  upon 
nature.     While  the  natural  whiteness  of  the  surface  of  these  organs 
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ia  always  admired  by  us,  and  by  most  people,  the  Malays  take  the 
greatest  pains  to  stain  their  teeth  black,  which  they  consider  greatly 
adds  to  their  beauty.  White  teeth  are  looked  upon  with  perfect 
disgust  by  the  Dayaks  of  the  uoighbourhood  of  Sarawak.  In  addi- 
tion to  staining  the  t«oth,  filing  the  surface  in  some  way  or  other  is 
almost  always  resorted  to.  The  nearly  uut\er8al  custom  in  Java  is 
to  remove  the  enamel  from  tlie  front  surface  of  the  incisors,  and  often 
the  canine  teeth,  hollowing  out  the  surface,  sometimes,  but  not  often, 
so  deeply  as  to  penetrate  the  polp  cavity  (4).  The  catting  edges  are 
also  worn  donn  to  a  level  line  with  pumice-stone.  Another,  and  less 
common,  though  more  elaborate  fashion,  is  to  point  the  teeth,  and 
file  out  notches  from  the  anterior  surface  of  each  side  of  the  npper 
part  of  the  crown,  so  as  to  leave  a  lozcnge-sljnped  piece  of  enamel 
untouched ;  as  this  receives  the  black  stain  less  strongly  than  the 
ports  from  which  the  surface  is  removed,  an  ornamental  pattern  is 
produced  (■'>).  In  Borueo  a  still  more  elaborate  process  is  adopted,  the 
front  surface  of  each  of  the  teeth  is  drilled  near  its  centre  with  a 
small  round  hole,  and  into  this  a  plug  of  brass  with  a  round  or  star- 
shaped  knob  is  fixed  (6).  This  is  always  kept  bright  and  polished 
by  the  action  of  the  lip  over  it,  nnd  is  supposed  to  give  a  highly 
attractive  appearance  when  the  teeth  are  displayed. 

Porhoi)B  the  strange  custom,  so  frequently  adopted  by  the  natives  of 
Australia,  and  of  many  islands  uf  the  Pacific,  of  knocking  out  one  or 
more  of  the  front  teeth,  might  be  mentioned  here,  but  it  is  nsoally 
associated  with  some  other  idea  than  oruainout  or  even  mere  fashion. 
In  the  former  case  it  constitutes  part  of  tlio  rites  by  which  the  youth 
ore  initiated  into  manhood,  and  in  the  Sandwich  Islands  it  is  performed 
as  a  propitiatory  sacrifice  to  the  spirits  of  the  dead. 

The  projection  forwards  of  the  front  upper  teeth,  which  we  think 
unbecoming,  is  admired  by  some  races,  and  among  the  negro  women 
of  Senegal  it  is  increased  by  artificial  means  eraploye<l  in  childhood.* 
All  these  modifications  of  fonn  of  comparatively  external  and 
flexible  parts  ore,  however,  trivial  in  their  effects  upon  the  body  to 
those  which  I  shall  speak  of  next,  which  induce  pormanont  structural 
alterations  both  upon  the  bony  framework  and  upon  the  important 
organs  within. 

Whatever  might  be  the  cose  with  regard  to  the  hair,  the  ears,  the 
nose,  Olid  lips,  or  even  the  teeth,  it  might  have  been  thought  that  the 
actual  shape  of  the  head,  as  determined  by  the  solid  skull,  would  not 
have  been  considered  a  subject  to  be  modified  according  to  the  fashion 
of  the  time  and  place.  Such,  however,  is  far  from  being  the  case.  The 
custom  of  artificially  changing  the  form  of  the  head  is  one  of  the 
most  ancient  and  wide-spread  with  which  wo  are  acquainted.  It  is 
far  from  being  confined,  as  many  suppose,  to  an  obscure  tribe  of 
Indians  on  the  north-west  coast  of  America,  but  is  found,  under  various 
modifications,  at  widely  difibtont  parts  of  the  earth's  surface,  and 

♦  Homy, '  Revue  d'Antliropnlogie,"  Jan.  1879,  p.  22. 
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mmong  people  who  can  have  had  no  intercourse  vrith  one  another.  It 
appears,  in  fact,  to  have  originated  iudopoudentlj,  in  many  quarters, 
froDj  some  natural  impulse  common  to  the  human  race.  When  it 
once  became  an  ostabliiihod  custom  in  any  tribe,  it  was  almost  inevi- 
table that  it  should  continue,  until  put  au  end  to  by  the  destruction 
either  of  the  tribe  itself,  or  of  its  peculiar  institutions,  through  the 
intervention  of  some  superior  force,  for  a  standard  of  excellence  in 
form,  which  could  not  bo  changed  in  those  who  possessed  it,  was 
naturully  followed  by  all  who  did  not  wish  their  children  to  run  the 
risk  of  the  social  degradation  which  would  follow  the  neglect  of  such 
a  custom.  "  Failure  proixsrly  to  mould  the  cranium  of  her  offspring 
gives  to  the  Chinook  matron  the  reputation  of  a  lazy  and  undutiful 
mother,  and  subjects  the  neglected  children  to  the  ridicule  of  their  young 
comi>anions,  so  despotic  is  fashion."  *  It  is  related  in  the  narrative 
of  Commodore  Wilkes'  United  States  Exploring  Expedition,!  that  "at 
Niculuita  Mr.  Drayton  obtained  the  drawing  of  a  child's  head,  of  the 
Walla  walla  tribe  (Fig.  C),  that  had  just  been  released  from  its  bondages, 

in  order  to  secure  its  flattened  shape.  Both 
the  parents  showed  great  delight  at  the 
success  thoy  had  met  with  in  effecting  this 
distortion." 

Many  of  the  less  severe  alterations  of 
the  form  to  which  the  head  is  subjected  are 
undesigned,  resulting  only  from  the  mode 
in  which  the  child  is  carried  or  dressed 
during  infancy.  Thus  habitually  carrying 
the  child  on  one  arm  appears  to  produce 
an  obliquity  in  the  form  of  the  skull 
which  is  retained  to  a  greater  or  les8 
degree  all  through  life.  The  practice  fol- 
lowed by  nomadic  people  of  carrying  their 
infants  fastened  to  stiff  ]>illows  or  boards, 
commonly  caases  a  flottoning  of  the  occi- 
put ;  and  the  custom  of  dressing  the  child's 
head  with  tightly  fitting  bandages,  still 
common  in  many  parts  of  the  Continent,  and  oven  used  in  England 
within  the  memory  of  many  living  people,  produoee  an  elongated  and 
laterally  constricted  fonn.^  In  France  this  is  well  known,  and  so 
oommon  is  it  in  the  noigbbuurhood  of  Toulouse,  that  a  special  form  of 
head  prodaoed  in  this  manner  is  known  as  the  "di/ormation  Tott- 
bNfaiM." 

Of  the  ancient  aotioea  of  the  onstom  of  pnrpceoly  altering  the  form 

*  Baoooft,  o;t.  cU.  vol.  L  p.  288. 

t  VcJ.  iv.  p.  888. 

;  Aflar  the  iBoton  a  ^Ueman  of  advaneed  ag*  thowed  me  a  rircnUr  dvprsa- 
doo  toDnd  tlw  uppsr  part  of  his  bead,  which  be  beli«v«<l  bad  been  prodnoM  io 
this  nianner,  u  we  ctutom  waa  itiU  prerailiiig  at  the  time  of  hii  birth  in  the  die- 
ttiat  of  Korfolk,  of  wliich  he  wu  ■  nntin. 


FUt-huded  Indiui  Child. 
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of  the  head,  tho  most  ox]>lioit  is  that  of  Hippocrala,  who  in  his  treatise, 
'  Do  Aeris,  Aquia  ot  Locis,'  about  400  B.C.,  fays,*  spoakiug  of  the  poople 
near  the  boundary  of  Euro{>c  and  Asia,  near  the  Paliu  Mirotis  (Sea  of 
AzoS)  : — "  I  will  pasB  over  the  smallor  differences  among  the  nations, 
but  will  now  treat  of  such  as  are  great  cither  from  nature  or  custom ;  and 
first,  concerning  the  Macrocephali.  There  is  no  other  race  of  men  which 
have  heads  in  the  least  resembling  theirs.  At  first,  usage  was  the 
principal  canae  of  the  length  of  their  head,  but  now  nature  co-operates 
with  usage.  They  think  those  the  most  noble  who  have  the  longest 
heads.  It  is  thus  with  regard  to  the  usage:  immediately  after  the 
child  is  born,  and  while  its  head  is  still  tender,  they  fashion  it  with 
their  hands,  and  constrain  it  to  asstuno  a  lengthened  shape  by  apply- 
ing bandages  and  other  suitable  contrivances,  whereby  the  spherical 
form  of  the  head  is  destroye<l,  and  it  is  made  to  increase  in  length. 
Thus,  at  first,  usage  operated,  so  that  this  constitution  was  the  result 
of  force ;  bat  in  the  course  of  time  it  was  formed  naturally,  ao  that 
nsago  had  nothing  to  do  with  it." 

Here,  Hippocrates  appears  to  have  satisfied  himself  upon  a  point 
which  is  still  discussed  with  great  interest,  and  still  not  cleared  up 
— the  possibility  of  transmission  by  inheritance  of  artificially  produced 
deformity.  Some  facts  seem  to  show  that  such  an  occurrence  may 
take  place  occasionally,  but  there  is  an  immense  body  of  evidence 
against  its  being  habitual. 

Herodotus  also  alludes  to  the  same  custom,  as  do,  at  later  dates, 
Strabo,  Pliny,  Poraponius  Mela,  and  others,  though  assigning  different 
localities  to  the  nations  or  tribes  they  rofiT  to,  and  also  indicating 
Variatioua  of  form  in  thoir  pcciilior  cranial  characteristics. 

Kocoiit  archaeological  discoveries  fully  bear  out  those  statements. 
Heads  defnnnod  in  various  fashions,  but  chiefly  of  the  constricted,  elon- 
gated shape,  have  been  found  in  great  numbers  in  ancient  tombs,  in  the 
very  region  indicated  by  Herodotus.  They  have  been  found  near 
Tiflie,  where  as  many  as  150  were  discovered  at  one  time,  and  at  other 
places  in  the  Caucasus,  generally  in  rock  tnmbs ;  also  in  the  Crimea, 
and  at  different  localities  along  the  cuiu^so  of  the  Danube  ;  in  Hun- 
gary, Silesia,  in  the  South  of  Germany,  Switzerland,  and  even  in 
Franco  and  Belgium.  The  pc<iple  who  have  loft  such  undoubted 
evidence  of  the  practice  of  deforming  their  heads  have  been  supposed 
by  various  authors  to  have  been  Avars,  Huns,  Tartars,  or  other 
Mongolian  invaders  of  Europe ;  but  later  French  authors  who  have 
discusBod  this  subject  are  inclined  to  assign  them  to  an  Aryan  race, 
who,  under  the  name  of  Cimmerians,  spread  westward  over  the  part 
of  Europe  in  which  their  remains  oro  now  found,  in  the  seventh  or 
eighth  century  before  our  era.  As  the  method  of  deformation  in 
European  specimens  is  not  always  identical,  it  is  by  no  means  certain 
that  the  custom  may  not  have  been  in  use  among  more  than  one  nation. 
Whether  the  French  habit,  scorcely  yet  eitinct,  of  tightly  bandaging 
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the  heads  of  infants,  is  derived  from  those  people,  or  is  of  independent 
origin,  it  is  impossible  to  say. 

In  Africa  and  Australia  no  analogons  customs  have  boon  shown  to 
exist,  but  in  many  parts  of  Asia  and  Polynesia,  deformations,  though 


SknlU  artificiillf  deformed  according  to  timilar  fuhioni.  A,  from  an  ancient 
tomb  at  Tiflii ;  B,  from  Titicaca,  Peru.  (From  (pecimcni  in  the  Mateam  of  the  Rojral 
College  of  Sargeoua.)    C,  from  the  island  of  Mallicollo,  New  Hebrides. 

nstially  only  confined  to  flattening  of  the  occipnt,  are  common. 
Though  often  undesigned,  it  is  done  purposely,  I  am  informed  by 
Mr.  H.  B.  Low,  by  the  Dayaks,  in  the  neighbourhood  of  Sarawak. 
Sometimes,  in  the  islands  of  the  Pacific,  the  head  of  the  new-bom 
infant  is  merely  pressed  by  the  hands  into  the  desired  form,  in  which 
oaae  it  generally  soon  recovers  that  which  nature  intended  for  it.  In 
one  island  alone,  Mallicollo,  in  the  New  Hebrides,  the  practice  of 
permanently  doprcssiug  the  forehead  is  almost  universal,  and  skulls 
even  found  constricted  and  elongated  exactly  after  the  manner  of 
ffho  Aymaras  uf  ancient  Peru. 

Though  the  Chinese  usually  allow  the  head  to  usnmo  its  natural 
form,  confining  their  attentions  to  the  feet,  a  certain  class  of  mendicant 
devotoes  appear  to  have  anocecdod  to  a  remarkable  extent  in  getting 
thoir  sknlls  elongated  into  a  conical  form,  if  the  figure  in  Picart's 
*  Histuiro  des  BeUigions,'  voL  iv.  plato  131,  is  to  be  tmsted. 

America  is,  however,  or  rather  has  been,  the  headquarters  of  all 
{'fheae  fantastic  practices,  and  especially  along  the  western  coast,  and 
Fnainly  in  two  regions,  near  the  mouth  of  the  Columbia  River  in  the 
I  north,  and  in  Peru  in  the  south.  The  practice  also  existed  among  the 
1  Indians  of  the  southern  part  of  what  are  now  the  United  States,  and 
I  among  the  Caribaof  the  West  India  Islands.  In  ancient  Pern,  before 
1  the  time  of  the  Spanish  conquest,  it  was  almost  nniversal.  In  an 
edict  of  the  ecclesiastical  authorities  of  Lima,  issued  in  1585,  three 
[distinct  forma  of  deformation  are  mentioned.  Notwithstanding  the 
[wvere  penaltioa  impoaed  by  this  edict  upon  parents  persisting  in  the 

iraotice,  the  oastom  was  so  difficult  to  endicato,  that  another  injuno 
on  against  it  was  published  by  the  Government  as  late  as  1752. 
In  the  West  Indies,  and  the  greater  part  of  North  America,  tha 
Vol.  LX.    (No.  72.)  2  B 
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custom  has  bccooie  eztiDct  with  tho  people  who  nflcd  it ;  bnt  the  Cliinook 
Indians,  of  the  noighlKiurhood  of  the  Columbia  River,  and  tho  natives  of 
Yanconver  Island,  continue  it  to  the  present  day,  and  this  is  the  last 
stronghold  of  this  strange  fashion,  though  under  the  influence  of 
Eur<i(>eiin  example  and  discouragement  it  is  rapidly  dying  out.  Here 
tho  various  methods  of  deforming  tho  head,  and  their  effectH,  have  been 
Btudied  and  described  by  uumorous  travellers.  The  process  commences 
immediately  after  the  birth  of  the  child,  and  is  continued  fur  a  period 
of  from  eight  to  twelve  months,  by  which  time  tho  head  has  i)erma- 
nently  assumed  the  required  form,  although  during  subuk^quent  grow-th 
it  may  partly  r^ain  its  proper  shape.  "  It  might  be  supposeil," 
obaerves  Mr.  Kane,  who  hod  large  opportunities  of  watching  the 
prooeaa,  "  that  the  oi>cration  would  be  attended  with  great  suffering, 
but  I  never  lieard  the  infants  crying  or  moaning,  although  I  have  seen 
their  eyes  seemingly  starting  out  of  the  sockets  from  the  great 
preSBore  ;  but,  on  the  contrary,  when  the  thongs  were  loosened  and  tho 
pads  removed,  I  have  noticed  them  cry  until  thoy  wore  replaced.  From 
the  apparent  duluess  of  tho  children  whilst  under  tho  pressure,  I  should 


Fio.  9. 
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Deformod  SknII  of  an  Infant  who  h«d  died 
during  the  prooen  of  flattening ;  from  the 
Coliuubii  River,     (Mus.  Roy.  Coll.  Surgeons.) 


Artificially  flHtlencd  Skoll  of  ancient  Peraviai 
(Mu».  Roy.  Coll.  Surgeons.) 


imagine  that  a  state  of  torpor  or  insenaibility  is  induced,  and  that 
the  return  to  consciousness  occasioned  by  its  removal  mast  bo  naturally 
followed  by  a  sense  of  pain." 

Nearly,  if  not  all,  the  different  fasliiona  in  cranial  deformity, 
observed  in  various  parts  of  the  world,  are  found  oBKociftted  within 
a  very  small  compass  in  British  Columbia  and  Washington  Territory, 
each  small  tribe  having  often  a  jwrticular  method  of  its  own.  Many 
attempts  have  been  made  to  classify  these  vorioua  deformities,  but  as 


1880.]  mtWmmim  in  Deformily.  408 

they  mostly  pass  inseusibly  into  one  another,  and  Taiy  according  as 
the  intentioa  has  been  carried  out  with  a  greater  or  less  degree  of  per- 

Fio.  10. 


Po«t«rior  view  ofCriinitim,  deformed  nccording  to  the  fiuhion  of  flattening,  with 
compenMtory  Utenl  widening,    (Miu,  Roj.  Coll.  Surgeont.} 

Fro.  II. 


Cnukinm  of  Kodecoio  ladlao,  Vuoourcr  Mind,  defurmod  bj  ciKular  conitridioa 
■ad  •longatioft    (Mut.  Roy.  Cull.  Surgeou.) 

MTennce  and  skill,  it  is  not  May  to  do  so.  Besides  the  simple  oooi- 
pital  and  the  simple  frontal  comprcssionit,  all  th»  othtvs  may  bo 
grouped  into  two  principal  divisions.     First  (Figs  8  and  'J),  that  iii 
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which  tho  sknU  is  flattened  botwcon  boards  or  othor  cnrnprassors, 
applied  to  the  forehead  and  back  of  the  head,  and  as  there  is  no  lateral 
pressure,  it  bulges  out  sidewavs  to  compensate  fur  the  shortening  iu  the 
opposite  direction.  (Fig.  10.)  This  form  is  very  often  unsymmetrical, 
as  the  flattening  boards,  applied  to  a  nearly  spbcricul  sui-facc,  natarally 
incline  a  little  to  one  side  or  the  other ;  and  when  this  once  commences, 
unless  great  care  is  used,  it  must  increase  until  the  very  curious  oblique 
flattening  so  common  in  these  skulls  is  produced.  This  is  the  ordinary 
form  of  deformity  among  tho  Chinook  Indians  of  the  Columbia  River, 
comnioiily  called  "  Flat-heads."  It  is  also  most  frequent  among  the 
Quichuas  of  Porn. 

The  second  form  of  deformity  (Figs.  7,  11,  and  12)  is  produced  by 
constricting  bandages  of  doer's  hide,  or  other  similar  material,  ea- 
circling  tho  head  behind  the  ears, 
usually  passing  below  the  occiput 
behind,  and  across  the  forehead,  and 
again  across  the  vortex,  behind  the 
eoronal  suture,  producing  a  circular 
depression.  Tho  result  is  an  elonga- 
tion of  tho  hood,  but  with  no  lateral 
bulging,  and  with  no  delation  from 
bilatcnil  sj-mnictry.  This  was  tho 
form  adopted  with  trifling  modifica- 
tions by  the  Macrocephali  of  Hero- 
dotus, by  the  Ayniara  Indians  of 
Pern,  and  by  certain  tribes,  as  the 
Eoekeemos,  of  Vancouver  Island. 
Tho  " diformation  Touloumine"  is  a 
modificatiim  of  tho  same  form. 

The  brain,  of  coni-so,  bos  had  to 
accommodate  itself  to  the  altcrod 
shape  of  the  osseous  caso  which  con- 
tained it;  and  tho  question  naturally 
arises,  whether  the  important  func- 
tions belonging  to  this  organ  are  in 
any  way  impaired  or  aflbctod  by  its 
change  of  form.  All  observations  upon  tho  living  Indians  who  have 
been  subjected  to  it,  concur  iu  showing  thot  if  any  modification  in 
mental  power  is  produced,  it  must  bo  of  a  very  inconsiderable  kind, 
aa  no  marked  difierenco  has  been  detected  between  them  and  tho 
noighboui'ing  tribes  which  have  not  adopted  tho  fashion.  Men 
whoso  heads  have  been  deformed  to  an  oitroordinary  extent,  as  Con- 
comly,  a  Chinook  chief,  whoso  skull  is  preserved  in  the  raiweum  at 
Hoslor  Hospital,  have  often  risen  by  their  own  abilities  to  consiUerablo 
IocaI  eminence,  and  the  fact  that  tho  relative  social  position  of  the 
chiefs,  in  whoso  families  tho  heads  are  alwiiys  dofurmeJ,  and  the 
slaves  on  whom  it  is  never  permitted,  is  constantly  maiut.^ined,  proves 
that  the  former  evince  no  decided  inferiority  in  intelligence  or  energy. 


Posterior  view  of  Cmnium  deformed 
BcconJiog  to  the  fashion  of  circnlftx 
coofttrictioD  UQiL  eloDgalion.  (Mas. 
Roj.  Cull.  Surgeoiu.) 
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Although  the  American  Indians,  living  a  healthy  life  in  their 
native  wilds,  and  nndor  physical  conditions  which  cause  all  bodily 
lesions  to  occasion  far  less  constitutional  or  local  disturbance  than  is 
the  case  with  people  living  nndcr  the  artificial  conditions,  and  the 
aocomolated  predisposition  to  disease  which  civilization  entails,  thns 
appear  to  suffer  little,  if  at  all,  from  this  unnatural  treatment,  it  seems 
to  be  otherwise  with  the  French,  on  whom  its  effects  have  been 
watched  by  medical  obeervors  more  closely  than  it  can  have  been  on 
the  savages  in  America.  "  Dr.  Fovillo  proves,  by  positive  and 
numerous  facts,  that  the  most  constant  and  the  most  frequent  effects 
of  this  deformation,  though  only  carried  to  a  small  degree,  are  head- 
aches, deafnesses,  oerebnvl  congestions,  meningitis,  cerobritis,  and 
epilepsy  ;  that  idiocy  or  madness  often  terminates  this  scries  of  evils, 
and  that  the  asylums  for  lunatics  and  imbeciles  receive  a  large  number 
of  their  inmates  from  among  these  unhappy  people."  *  For  this  cause 
the  French  physicians  have  exerte^l  all  their  influence,  and  with  groat 
Booceaa,  to  introduce  a  more  rational  system  in  the  districts  where  the 
practice  of  compressing  the  hoods  of  infants  prevailed. 

I  will  now  pass  from  the  head  to  the  extremities,  and  shall  hove 
little  to  say  abnut  the  hands,  for  the  artificial  deformities  practised 
npon  those  members,  are  confined  to  cho])ping  off  one  or  more  of  the 
fingers,  generally  of  the  left  hand,  and  usmdly  not  so  much  in 
obctlienoe  merely  to  fashion,  as  part  of  an  initiatory  ceremony,  or  an 
expiation  or  oblation  to  some  superior,  or  to  some  departed  i)er8on. 
Such  practices  are  common  among  the  American  Indians,  some  tribes 
of  Africans,  the  Australians,  and  Polynesians,  especially  those  greatest 
of  all  slaves  of  ceremonial,  the  Fijians,  where  the  amputation  of 
fingers  is  demanded  to  ap])ease  an  angry  chieftain,  or  voluntarily 
performed  on  the  occasion  of  the  death  of  a  relative  as  a  token  of 
affection. 

On  the  other  hand,  the  feet  have  suffered  more,  and  altogether 
with  more  serious  results  to  general  health  and  comfort,  from  simple 
conformity  to  jHimicious  customs,  than  any  other  part  of  the  body. 
But  ou  this  subject,  instead  of  relating  the  unaccountable  caprices  of 
the  savage,  we  have  to  speak  only  of  pcoi>le  who  have  already 
■dvanoed  to  a  tolontbly  higli  grade  of  civilization,  and  to  include  all 
thoM  who  are  at  the  present  time  foremost  in  the  ranks  of  iutellK;- 
tual  culture. 

The  most  extreme  instance  of  modification  of  the  aizo  and  form  of 
the  fiKit  in  obedience  to  fashion,  is  tlie  well-known  ease  of  the  Cliineao 
women,  not  cntirtdy  confined  to  the  nppcr  classes,  but  in  some  districts 
p<Tvadiiig  all  grades  of  society  alike.  The  deformity  is  produced  by 
applying  tight  bandages  round  the  feet  of  the  girls  when  about  five 
years  old.  The  process  is  an  extremely  painful  one,  and  its  results  are 
uot  only  an  alteration  in  the  relatiTe  poaition  of  the  growing  bone* 
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and  other  strnctaros,  but  an  arrest  of  tboir  dorelopment,  so  tbat  tbej 
remain  pcnnanontly  in  a  stunted  or  atrophied  condition.  Tho  altera- 
tions of  form  congist  in  two  distinct  pnxsesscs ;  1,  bending  the  four 
onter  toes  under  the  solo  of  the  foot,  so  that  tho  firnt  or  great  toe  alone 
retaina  its  normal  position,  and  a  narrow  point  is  produced  in  front ; 
2,  compressing  the  roots  of  the  toes  and  the  heel  downwanls  and 
towards  one  another  so  as  greatly  to  shorten  the  foot,  and  produce  a 
deep  transTerse  fold  in  tlie  middle  of  the  sole  (Fig.  14).  The  whole 
has  now  the  appearance  of  the  hoof  of  some  animal  rather  than  a 
human  foot,  and  affords  a  very  inefficient  organ  of  support,  as  the 
peculiar  tottering  gait  of  those  possessing  it,  clearly  shows. 

lint  strange  as  this  custom  seems  to  ufl,  it  is  only  a  slight  step  in 
excess  of  what  the  majority  of  people  in  Europe  subject  themselvee 
and  their  children  to.  From  personal  observation  of  a  large  number 
of  feet  of  (Mirsons  of  all  ages  and  of  all  classes  of  society  in  our  own 
country,  I  do  not  hesitate  to  say  that  there  are  very  few,  if  any,  to  be 
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Snle  of  ChineM 
\_/  Woman'*  Foot. 

Section  of  Natural  Fnot  with  the  Bone*,  and  n  corre- 
iponding  section  of  a  Chin>-<c  [><.'formad  Foot.  The  outline 
of  the  Utter  it  dotted,  and  the  bones  ihaded. 

met  with  that  do  not,  in  some  degree,  bear  evidence  of  having  been 
subjected  to  a  comprossiug  iuflaence  more  or  loss  iujurioue.  Let  any- 
one take  the  trouble  to  inquire  into  what  a  foot  ought  to  be.  For 
external  form  look  at  any  of  the  antique  models — tho  nude  Hercules 
Fornese  or  the  sandalled  Apollo  Bolvidore ;  watch  tho  beautiful  free- 
dom of  motion  in  tho  B-idc-apreading  toes  of  on  infant ;  consider  tho 
wonderful  mechanical  contrivances  for  combining  strength  with 
mobility,  firmness  with  flexibility  ;  the  numerous  bones,  articulations, 
ligaments ;  the  great  toe,  with  seven  special  muscles  to  give  it  that 
versatility  of  motion  which  was  intended  that  it  should  iwsscbs — and 
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then  aee  whnt  a  miserable,  stiffened,  distorted  thing  is  this  samo  foot, 
when  it  has  been  snbuiittcd  for  a  number  of  years  to  the  "  improving  " 
process  to  which  our  civilization  condemns  it.  The  toes  all  squeezed 
and  flattened  against  each  other ;  the  great  toe  no  longer  in  its  normal 
poeition,  bnt  turned  outwards,  pressing  so  upon  the  others  that  one  or 
more  of  them  frequently  has  to  find  room  for  itself  cither  above  or 
nnder  its  fellows ;  the  joints  all  rigi'i,  the  muscles  atrophied  and 
powexless ;  the  finely  formed  arch  broken  down ;  everything  which  is 
beautiful  and  excellent  in  the  human  foot  destroyed,  to  sny  nothing 
of  the  more  serious  evils  which  so  generally  follow — corns,  bunions, 
in-growing  nails,  and  all  their  attendant  miseries. 

Now,  the  cause  of  all  this  will  be  perfectly  obvious  to  anyone  who 
compares  the  form  of  the  natural  foot  with  the  last  upon  which  the 
shoemaker  makes  the  covering  for  that  foot.     This,  in  the  words  of 


Natanl  form  of  the  Ktle  of  th«  Fool,  the  great  to*  pvallel  to  the  axil  of  tiM 
I  foot      R  The  «me,  with  outlio*  of  onJin&ry  fuhionable  boot,     C.  The  paew 
■  inudiAcatioD  of  the  form  of  the  foot  consequent  upon  wearing  >uch  a  boot. 

the  late  Mr.  Dowie,  "  is  shaped  in  front  like  a  wedge,  the  thick  part 
or  iastep  risuig  in  a  riilge  fn^m  the  centre  or  middle  toe,  insttnul  of 
the  grrat  t4^>«,  aa  in  the  foot,  slanting  off  to  both  sides  from  the  middle, 
tenninating  at  each  side  and  in  front  like  a  wedge ;  that  for  the  inside 
or  gnat  too  bt'ing  similar  to  that  for  the  outKido  or  littln  ta«,aa  if  the 
human  foot  hiul  the  great  t^^  in  the  Dxiddle  and  a  little  toe  at  each 
aide,  like  thci  foot  of  a  goose  1 "  The  great  error  in  all  boots  and 
shoes  made  upon  the  aystem  now  in  Togtie  in  all  parts  of  the  civilised 
world  lies  in  thiK  method  of  constmction  npon  a  ]>rinciplo  of  bilateral 
^jmmctxy.    A  straight  lino  drawn  along  ue  solo  from  tbo  middle  of 
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tho  toe  to  the  bool  will  divide  a  fashionable  boot  into  two  equal  and 
■imilar  parts,  a  small  allowance  being  made  at  the  middle  part,  or 
♦'  waist,"  for  tho  diflbronco  between  right  and  left  foot.  Whether  the 
toe  is  mode  broad  or  narrow  it  is  always  cqnally  inclined  at  tho  sides 
towards  tho  middle  line,  whereas  in  tho  foot  there  is  no  such  sym- 
metry. Tho  first  or  inner  toe  is  much  larger  than  either  of  the  others, 
and  its  direction  perfectly  parallel  with  tho  long  axis  of  the  foot.  The 
eecond  toe  may  bo  a  little  larger  than  tho  first,  as  generally  repre- 
sented in  Grecian  art,  but  it  is  more  fret^nently  shorter ;  the  other 
rapidly  decrease  in  size  (Fig.  15,  A).  The  modification  which  most 
Lave  taken  place  in  the  form  of  the  foot  and  direction  of  the  toes 
before  such  a  boot  can  bo  worn  with  any  approach  to  ease  is  shown  at 
C.  Often  it  will  happen  that  the  deformity  has  not  advanced  to  ao 
great  an  extent,  but  everyone  who  has  had  the  opportunity  of  examining 
many  feet,  especially  among  the  poorer  class,  must  have  met  nath 
many  far  worse.  Tho  two  figured  (Fig.  16),  one  (C)  from  a  labouring 
working  man,  the  other  (A  and  B)  from  a  working  woman,  both 

Fio.  16. 
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English  Feet  deformed  by  wearing  improperly-shaped  shoes.     From  natnre. 

patients  at  a  London  hospital,  aro  very  ordinary  examples  of  tho 
European  artificial  deformity  of  tho  foot,  and  atford  a  good  comparison 
with  the  ChiucBO.  It  not  unfrequently  happens  thot  tho  dislocation 
of  tho  great  toe  is  carried  so  far  that  it  becomes  placed  almost  at  a 
right  angle  to  the  long  axis  of  the  foot,  lying  across  the  roots  of  the 
other  toes. 

The  changes  that  a  foot  has  to  undergo  in  order  to  adapt  itself  to 
the  ordinary  shape  of  a  shoe  could  probably  nut  bo  elTectcd  unless 
commenced  ot  an  early  period,  whon  it  is  young  and  capable  of  being 
gradually  moulded  into  the  required  form.  It  seems  perfectly  mar- 
vellous that  anyone  who  had  ever  looked  at  a  hcaltLy  pair  of  human 
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feet  conld  have  thought  of  tho  possibility  of  wearing  a  Btiff,  nnjicld- 
ing  shoe  of  identical  form  for  both  right  and  left,  and  yet  tlio  very 
trifling  dificronco  which  is  at  present  allowed  is  a  comparatively 
modem  innovation,  and  is  oven  now  too  frequently  disregarded, 
especially  where  most  needed,  as  in  the  case  of  cliildron. 

The  loss  uf  elasticity  and  motion  in  the  joints  of  the  foot,  as  well 
as  the  wrong  direction  acquired  by  the  great  toe,  are  not  mere  theo- 
retical evils,  but  are  seriously  detrimental  to  free  and  easy  progre»> 
sion,  and  can  only  be  compensated  for  in  walking  by  a  great  expendi- 
ture uf  muscular  power  in  other  ports  of  the  body,  applied  in  a 
disadvantageous  manner,  and  consequently  productive  uf  general 
ireariness.  Tho  labouring  men  of  this  country,  who  from  their 
childhood  wear  heavy,  stiS^  and  bodly-shapcd  boots,  and  in  whom, 
consequently,  tho  play  of  the  ankle,  feet,  and  toes  is  lost,  have 
generally  small  and  shapeless  legs  and  wasted  calves,  and  walk  as  if 
on  stilts,  with  a  swinging  motion  from  the  hips.  Our  infantry  soldiers 
also  suffer  mnch  in  the  same  manner,  tho  regulation  boots  in  use  in 
the  eervioo  being  exceedingly  ill-adapted  for  the  development  of  the 
feet.  Much  injury  to  tho  general  health — tho  necessary  consequence 
of  any  imiKxlinieut  to  freedom  of  bodily  exercise — must  also  be  attri- 
buted to  this  cause.  Since  somo  of  tho  leading  shoemakers  have 
Tontored  to  deviate  a  littlo  from  tho  conventional  shape,  those  persons 
who  con  afford  to  bo  specially  fitted  are  better  off  as  a  rule  than  tho 
majority  of  poorer  people,  who,  although  caring  less  for  appearance, 
and  being  more  dependent  for  their  livelihood  npon  the  physical  wel- 
fare of  their  bodies,  are  obliged  to  wear  ready-made  shoes  of  the  form 
that  an  inexorable  custom  has  prescribed. 

No  sensible  person  can  really  suppose  that  there  is  anything  in 
itself  ugly,  or  even  unsightly,  in  tlio  form  of  a  perfect  human  foot ; 
and  yet  all  attempts  to  eonstmct  shues  upon  its  model  are  constantly 
met  with  the  objectiuu  that  something  extremely  inelegant  must  bo 
the  result.  It  will  perhaps  bo  a  form  to  which  the  eye  is  not  quite 
•constomod  ;  but  wo  all  know  how  extremely  arbitrary  is  fashion 
in  her  dealings  with  our  outward  appearance,  and  how  anything 
which  has  received  her  sanction  is  for  tho  time  considered  elegant 
and  tasteful,  while  a  few  years  later  it  may  come  to  be  looked  upon  aa 
boaiiivcly  ridiculous.  That  our  eye  would  soon  get  used  to  admire  a 
difivent  ahape,  may  be  easily  proved  by  anyone  who  will  for  a  short 
tima  wear  aboes  cimstructcd  upon  a  more  correct  principle,  when  the 
prevailing  pointed  shoes,  suggestive  of  onunpcd  and  atrophied  toea^ 
Moome  positively  jiainful  to  look  npon. 

Only  ono  thing  is  needed  to  aggravate  tho  evil  effect  of  a  pointed 
toe,  and  that  is  tho  absurdly  high  and  narrow  heel  so  often  seen  now  oa 
ladies'  boots,  which  throws  the  whole  foot  in  an  unnatural  position  ia 
walldne.  proidncea  diaeasea  well  knowq  to  ail  anrgeona  in  large  practice, 
and  makes  the  nearest  approach  yet  effected  by  any  Enropean  nation 
to  the  Chineae  custom  which  wo  generally  speak  of  with  surpriae  i 
nprobation.     And  yet  this  lashiuu  appears  just  now  on  the  i 
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g  people  who  bout  of  the  highest  civilization  to  which  the  world 

jet  attained. 

But  when,  in  spite  of  all  the  warnings  of  common  sense  and 
cipc-rience,*  we  continue  to  tortnre  and  deform  our  horses'  months 
and  nocks,  with  tight  bearing  reins,  as  injurious,  as  useless,  and  as 
ugly,  as  any  of  these  customs  we  practise  on  onrscWcs,  and  all  for 
no  better  reason,  we  may  well  say  with  Dr.  Johnson,  "  few  enterprises 
tre  80  hopeleas  as  a  contest  with  fashion." 

I  mnst  speak  last  upon  one  of  the  most  remarkable  of  all  the 
artificial  deformities  produced  by  adherence  to  a  conventional  standard, 
and  one  which  comes  very  near  homo  to  many  of  ns. 
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Torso  of  the  SUtae  of  Veniu  of  Milo.  Paris  FashioD,  May,  1880. 


It  is  no  part  of  the  object  of  the  present  discourse  to  give  a 
medical  disquisitioa  upon  the  evils  of  tight-Iocing,  though  much 
might  be  said  of  the  eitraordiuftry  and  permanent  change  of  form  and 
relative  position  produced  by  it,  not  only  on  the  bony  and  cartila- 
ginous framework  of  tUo  cbost,  but  also  in  the  most  important  organs 
of  life  contained  within  it,  changes  far  more  serious  in  their  effects 
than  those  of  the  Chinook's  skull  and  brain,  or  tho  Chinese  woman's 
foot.     It  is  only  necessary  to  compare  these  two  figures  (Figs.  17 

•  See  '  Bits  and  Bearing  Reins,'  by  Edward  Fordham  Flower.  CiuscU  and 
Co.,  1879. 
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and  18),  one  acknowledged  by  all  the  artiBtic  and  anatomical  world 
to  be  a  perfect  cxamplo  of  the  natural  fcnialo  form,  to  be  convinced 
of  the  grarity  of  the  strnctural  changes  that  must  have  taken  place 
in  such  a  form,  before  it  coukl  be  reduced  so  far  as  to  occupy  the 
■pace  shown  in  the  second  figure,  an  exact  co])y  of  one  of  the  models 
now  held  up  for  imitation  in  the  fashionable  world.  The  nondur  is 
not  that  people  saflior,  bat  that  thej  continue  to  live,  under  such 
oooditiona. 

It  is  quite  possible,  or  oven  probable,  that  some  of  us  may  think 
the  latter  the  more  beautiful  of  the  two.  If  any  shoald  do  so,  let  us 
pause  to  consider  whether  we  are  sure  that  our  judgment  is  sound  on 
the  subject.  Let  us  remember  that  to  the  Australian,  the  nose-peg  is 
an  admired  ornament ;  that  to  the  Thiiukect,  the  Botocudo,  and  tho 
B>>ngo  negro,  the  lip  dragged  down  by  the  heavy  ping,  and  tho  ears 
distended  by  huge  discs  of  wood,  are  things  of  beauty;  that  the 
Malay  prefers  teeth  that  are  black  to  those  of  the  most  pearly  white- 
neaa,  that  the  Western  Indian  despises  the  form  of  a  head  not  flattened 
down  like  a  pancake,  or  elongated  like  a  sugar-loaf,  and  then  let  us 
carefully  ask  ourselves  whether  wo  are  sure  that  in  leaving  nature 
as  a  standard  of  tho  beautiful,  and  adopting  a  purely  conventional 
criterion,  we  are  not  falling  into  an  error  exactly  similar  to  that  of  all 
thi-'se  people  whose  tastes  wc  are  so  ready  to  condemn. 

Tho  fact  is,  that  in  admiring  such  distorted  forms  as  the  con- 
stricted waist,  and  symmetncally  pointed  foot,  wo  are  simply  putting 
oonelTefl  on  a  level  in  point  of  taste  with  those  Australians,  Botocudos, 
and  negroes.  We  are  taking  fashion  and  nothing  better,  higher,  or 
truer  for  oar  guide ;  and  after  the  various  examples  brought  forward 
this  evening,  may  I  not  wcU  ask, 

"Seeet  thoa  not,  what  a  deformed  thief  this  fashion  is?" 

"  MwA  Ado  abomt  \otMnt,"  HL  8. 

[W.  H.  F.] 
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WEEKLY  EVENING  MEETING, 

Friday,  May  14,  1880. 

Waubkn  Db  La  Ruk,  Esq.  M.A.  D.C.L.  F.R.S.  Secretary  aud 
Vice-Presidont,  in  the  Cbair. 

LOBD   BXAT. 

Certain  Aspect*  of  Social  Democracy  in  Germany. 

The  idea  of  Bocinlism  is  to  sutistituto  collcctivo  capital  and  collective 
liibuur  for  individual  eajiital  and  fur  individual  kbour.  Individaal 
labour  and  capital  diwippcar.  The  results  of  this  combination  of 
capital  and  labour  aro  put  at  the  disi)nsal  of  the  individuals  according 
to  tho  measure  of  their  labour.  By  these  means  it  is  contemplated 
to  put  a  stop  to  the  anarchy  of  competition.  The  division  of  labour 
is  of  course  left  to  the  settlement  of  public  officers.  Income  from  any 
other  source  than  labour  ceases  to  exist. 

The  object  is  said  by  its  apostles  to  bo  no  other  than  to  correct 
the  evils  resulting  from  the  present  nggloraorotion  of  capital  which 
has  destroyed  tho  small  peasant  and  the  mnall  artificer,  who  were  the 
real  representatives  of  combined  capital  and  labour.  They  could  not 
stand  against  the  power  of  a  free  and  better  organised  association  of 
capital  and  labour.  Thoy  cannot  bo  revived.  But  what  can  be  done 
is  to  make  tho  association  which  ruined  them,  not  their  antagonist,  but 
their  best  friend  by  absorbing  them  into  it.  As  the  number  of  great 
capitttlists  grows  BUiiLller  ond  smaller,  and  the  number  of  those  de- 
poiidcut  on  them  largoi,  tho  hour  draws  near,  when  the  great  capitalist 
himself  nmst  become  a  Tinit  in  a  larger  combination  of  labourers.  It 
will  be  easier  to  force  a/cw  great  capitalists  into  tho  one  great  central 
productive  and  distributive  co-operative  association,  than  to  deal  with 
tho  existing  number.  It  follows  that  tho  present  tendency  of  con- 
centrating capital  in  a  few  hands  is  most  welcome  to  the  socialists, 
because  it  will  make  their  task  ligliter  in  having  to  deal  in  the  future 
with  a  more  limited  number.  Whether  tho  actual  owner  of  capital 
acquired  it  in  his  own  person  or  in  the  person  of  a  predecessor, 
through  honest  or  dishonest  means,  is  of  no  great  consequence. 

Socialists  do  not  attaok  individuals,  regarding  their  deeds  as  simply 
a  result  of  the  social  organisation  of  which  thoy  form  part ;  tlioy 
attack  that  social  organisation  itBclf.  In  that  existing  organisation 
labour  does  not  got  its  due,  and  capital  gets  xaoro  than  its  due. 
Wages  aro  too  low,  profits  too  high.     Labour  always  finds  itself  in 
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ftn  inferior  position  to  capital.  New  inTentions,  free  trade,  economic 
rent,  enrich  capilalints,  but  as  a  rule — so  it  is  urgeil^-do  not  tmprore 
the  position  of  the  working  classes.  On  the  other  band,  if  free  trade, 
Bcieutific  discoveries,  economic  rent,  cheap  and  abundant  prodaction, 
enrich  everybody  through  the  one  great  central  institution,  as  started 
by  social  democracy,  no  injustice  can  possibly  arise.  The  increase 
of  wealth  represents  an  increase  of  the  comfort  of  all.  In  this  wealth 
they  have  a  share  etjuivalcnt  to  their  labour,  but  which  can  never 
make  them  independent  of  future  labour. 

The  qnestion  in  what  way  an  indemnity  should  bo  given  to  the 
present  owners  of  capital  does  not  disturb  the  ctinonimity  of  socialists. 
These  capitalists  are  for  a  certain  number  of  years  to  get  in  goods  an 
equivalent  for  their  present  property,  but  the  process  of  increasing 
their  capital  by  means  of  these  goods  is  arrested.  Means  of  eig'oying 
life  will,  perha]ie,  be  abundantly  given  to  several  generations  of  rich 
men,  but  the  means  of  accumulating  interest-bearing  capital  will  be 
stopped.  Tho  descendants  of  the  richest  indiridnal  will  sooner  or 
later  become  workmen.  Meanwhile  the  rich  individual  will  have 
am])le  leisure  to  pre}>are  his  grandchildren  and  great  grandchildren 
fur  tho  pleasant  prospect  of  having  to  look  to  their  own  wits  for  their 
Bostononoe,  and  if  they  have  no  wits,  to  tho  wits  of  tho  State.  Capital 
ia  no  longer  tho  property  of  any  individual,  it  is  tho  pri)j)erty  of  all. 

Though  nobody  will  be  able  to  acquire  any  capital,  it  docs  not 
follow  that  nobody  will  be  better  off  than  his  neighbour.  For  hia 
labour  he  can  got  anything  he  wishes  and  which  is  to  bo  found  in 
tho  storehouses  of  the  association,  from  which,  of  course,  baneful 
articles  will  be  excluded.*  A  difficulty  arises  in  connection  with 
certain  professions — for  instance,  mo<lical  men — but  this  can  be  over- 
come. It  would  bo  nuuecossory  to  oblige  individuals  to  take  another 
doctor  or  surgeon  than  tho  one  they  likud.  His  pay  would  not  allow 
him  to  accumulate  capital,  booaose  he  would  simply  get  his  sliare 
of  labour-checks  as  an  equivalent  for  his  visits,  oonsultationB,  or 
operations. 

Socialism,  of  oonrse,  has  no  room  for  credit  in  any  form ;  the  stock 
exchange,  tho  mint,  mortj^gos,  shares,  bonds,  consols,  all  disap|KiAr. 
A  ponon  who  does  not  want  to  settle  his  ocooimt  u^ust  tlie  State  at 
tme$,  oan  leave  it  as  a  claim  against  tho  community  to  bo  Bottlu<l  in 
future.  This  claim  will  not  yield  any  interest.  When  the  claimant 
roqoiros  payment  ho  will  only  get  it  in  gonds.  What  inconvenience 
may  arise  in  the  case  of  pcrishublo  goods,  I  need  not  point  out. 

Labour  mar  be  Bne({nal,  uud  tbo  retribution  of  labour  also  nn- 
oqnal,  but  the  inequality  is  only  an  inequality  of  temporary  ease  and 
ooiufurt.  Trade  and  markets  di8api>ear  as  well  as  monoy.  Labour 
and  obeeks  for  labour  are  all-sufficient  I      Pot  the  required   pro- 


*  BcriNni  Spaneer**  hookii  will  ecrlainly  bo  nowhere,  and  what  the  tkto  of  the 
K?f«t  pUloaophar  in  a  apoial  domoontio  community  would  be,  I  Uo  not  attempt 
to  dcaoribsk 
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dnction,  my,  at  three  million  boon  of  homA-Jide  Isbonr,  *W™gh  I 
Ltlioar  in»y  really  be  perfurmcd  in  four  million  boon,  and  j%m  U 
ehacks  eqairalcnt  to  one  three-millionth  part,  •nd  good*  < 
tat  anch  a  check. 

The  qnestion  naturally  arisea,  what  is  to  be  done  if — { 
its  ntreoe  form — the  demand  on  the  part  of  the  ownen 
eh«eka  oonoentrates  itself  on,  say,  fonr  or  fire  kinds  of  _ 
learing  other  kinds  nntouched.  One  of  two  things  most  follow  j 
the  Talae  of  that  prodnoe  for  which  there  is  a  greater 

be  increased,  or  the  supply  most  be  regulated,  not  

the  demand,  but  according  to  an  estimate  made  by  the  officials  ' 
are   in   charge  of  the  department   of  supply  of  goods.     Wit^ 
latter  form,  liberty  of  demand  disappears,  with  the  former,  i 
comes  down  to  the  valgarity  of  our  present  practice,  and 
from  the  higher  regulation  latituiles  into  the  lower  latitudes  1 
present  economic  anarchy  of  supply  and  demand. 

The  great  difficulty,  however,  is  in    the  distribution  of  laboa 
Socialism  cannot  afiurd  to  remunerate  a  skilled  labourer  for  an  honr 
good    work   on   the   same   scale   as   an  unskilled   labourer,    who   i 
practically  wasting  Lis  time  though  he  toils  the  whole  day.     It  mns 
therefore,  either  marshal  its  labouring  population  and  assign  to  eao. 
his  work,  or   establish  varying   rates  of  payment   on  the  basis  o 
results.     If  the  latter  is  done,  the  labonrer  retains  his  liberty,  am 
will  judge  fur  himself  whether  ho  will  pass  from  the  field  of  laboa 
in  which  ho  is  cnga;iod,  to  one  in  which  wages  rule  higher  and  wheri 
the  cliock  of  one  three-millionth  is  more  easily  obtained  than  ii 
another.      The   question   is   simply   this :    does   socialism   make  i 
imperative    to   establish   a   code  of  labour  enforcing  production  © 
certain  gooils  in  a  certuin  manner?     In  that  caso  a  certain  nambei 
of  men  would  be  told  off  to  work  a  certain  number  of  hours  in  tht 
fields,  another  set  of  men  would  be  ordered  to  work  a  given  numbei 
of  hours  tu  a  factory,  another  sot  of  men  would  bo  obliged  to  carrj 
goods  from  one  ptac«  to  another,  and  striut  supervision  would  become 
neoessary  to   distribute  the  checks  in    proper  relation  to  the    real 
work  which  bad  been  turned  out.     Or  does  socialism  adopt  a  scale  of 
remuneration  by  labour-checks,  leaving  the  labourer  to  bo  drawn  by 
his  spontaneous  actiuu  and  independent  judgment  into  those  channels 
to  which  tlie  wants  of  the  community  soem  to  him  to  point  ?     In  the 
former  caso  wo  should  hare  universal  vasRalage,  in  the  latter  a  situa- 
tion not  entirely  at  voriouce  with  that  which  exists. 

The  former,  however,  soenis  more  in  accordance  with  the  object 
aimed  at  than  the  latter,  and  the  more  practical,  if  the  object  of 
the  socialists  is  to  make  the  quantity  of  labour  the  only  test  of 
value,  and  the  only  element  in  civilisation  worthy  of  encoursgemont 
or  oven  of  notice,  and  its  remuneration  equal.  Even  then  how  it 
would  be  possible  to  tax  the  labour  value  of  two  pictures,  or  of  two 
comio  songs,  or  of  two  lectures,  seems  to  bai9e  human  ingenuity. 

Karl  Marx,  by  far  the  most  eminent  social  democrat  of  the  present 
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day,  himself  admits  that  there  is  a  difference  between  the  work  of 
man  and  that  of  a  bee.  "  Man,"  bo  says,  "  does  not  only  transform 
matter,  but  he  transforms  bis  design,  which  he  comprohonds,  which 
determines  the  mode  and  method  of  his  action,  as  a  law,  to  which 
his  will  must  bo  sabordinate."  Patting  this  in  a  loss  abstract  or 
Hegelian  form,  what  Marx  admits,  is  that  skill  is  all  important  in 
human  labour.  Hence  the  difficulty  of  equal  remuneration  for  that 
TOMon,  also  on  'aooonnt  of  another  test :  the  usefulness  of  labour. 
The  same  article  may  be  useful  ou  the  Ist  of  March,  and  perfectly 
tueleM  on  the  1st  of  April. 

On  the  other  hand,  the  extremely  complicated  question  of  taxation 
in  oar  present  condition,  and  certainly  in  the  present  condition  of 
Germany,  vanishes.  As  the  GoTcmment  of  the  world  has  in  its 
own  Warehouses  every  possible  product,  from  torpedoes  to  oatmeal, 
whatever  the  Government  needs  has  simply  to  bo  taken  out  of  them. 
It  beoomos  only  a  matter  of  book-keeping.  Whether  the  citizen 
Bhoold  bear  his  proportion  in  this  taxation  relatively  to  his  earned 
lAbour-checks,  or  whether  it  should  be  an  absolute  deduction,  is  an 
open  but  also  a  test  question.  If  it  is  the  duty  of  every  citizen  to  the 
State  to  supply  an  equal  amount  of  labour,  there  is  no  better  way 
of  punishing  those  who  do  not  come  np  to  the  maximum  than  by 
deducting  from  their  labour-checks  the  same  amount  that  you 
deduct  &om  those  who  have  earned  the  maximum,  leaving  the  latter 
with  a  larger  share  of  what  remained.  To  this  qucstiou,  therefore, 
we  should  have  a  clear  answer,  because  it  would  spread  a  flood  of 
light  on  the  character  of  socialism.  If  the  same  amoimt  of  taxation 
is  to  be  paid  by  every  citizen,  we  have  virtually  the  forced  labour 
system  of  the  old  Indian  community,  with  or  without  the  lash. 

The  inheritance  of  the  citizens  is  limited  to  lubour-checks  and 
means  of  enjoyment,  but  with  tliesc  independent  family  life  is  perfectly 
oonoeivablo.  The  question  what  kinds  of  production  tlie  State  mnst 
undertake  will  be  of  the  utmost  importance  on  account  of  the  im- 
possibility, through  the  absence  of  private  capital,  of  providing  for 
individual  needs,  and  any  provision  made  by  the  public  distributive 
department  for  needs,  which  are  not  general,  must  inevitably  raise 
discontent.  Supposing  the  State  starts  a  Royal  Institution,  a  hippo- 
drome, an  aquarium,  or  an  organ,  it  is  obvious  that  all  the  citizens 
who  live  far  off  and  who  do  not  want  in  cxohuige  for  Uboor-cheokB  to 
be  informed  about  Marcus  Aurolius,  to  besr  ue  State  organ,  to  mo 
the  State  gorilla,  or  to  enjoy  the  feats  of  the  State  clown,  will  feel 
aggrieved.  If  it  is  left  to  a  combination  of  private  individoals  to 
■tart  hippodromes  and  music  halls  as  private  ventures,  then  these 
individtuda  are  pro  lanto  withdrawn  from  the  collective  production  of 
naeful  things  to  the  production  of  naeleaa  things,  and  their  support 
by  the  transfer  of  the  labour-checks  of  their  fellow  citisens  lessens 
in  proportion  the  means  of  useful  enjoyment  of  the  community  and 
the  quantity  of  useful  things  produced  by  the  State. 

Another  difficulty  presents  itsolf.      If  pritaU  individuals  are 
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forbidden  to  be  proprietors  of  the  means  of  prodnction,  then  wfl 

is  to  dct«nnine  whether  a  thing  is  a  means  of  production    or  i 

olijvct  of  enjoyment  ?    Take  this  instance.    A  citizen  presents  laboaj 

chucks  enough  to  let  him  have  a  pony  out  of  the  State  breeding-i 

and  another  presents  a  sofiicient  nmnher  of  laboor-ohecks  to 

bauBom.     If  they  combine  and  ply  fur  hire  in  their  loisnrsj* 

in  exchange,  of  conrso,  of  labour-checks,  the  pony  and  the 

'  oeue  to  be  a  means  of  enjoyment  of  private  individuals,  and  beooml 

\m  means  of  production,  though    not   owned   by  the  State.      If   in 

Ispectors  are  to  be  appointed  to  determine  the  limit  between  objecA 

'of  enjoyment  and  means  of  production,  and  to  keep  people  within  m 

limits  of  enjovment  and  out  of  the  limits  of  production,  I  do  no 

envy  their  task. 

Socialinn,  it  is  clear  from  these  remarks,  is  not  Commnniam 
Individual  labour  is  remunerated,  inheritance  is  not  impossible 
family  life  does  not  come  to  an  end,  education  need  not  be  moulded  ii 
one  particular  form,  a  division  of  goods  does  not  take  place,  saving— 
I  though  it  has  not  the  incentive,  which  the  bearing  of  interest  gives  U 
'  it — is  not  ho{)eleB8.  That  improvidence  would  arise  in  such  a  com' 
mnnity  is  evident,  and— unless  force<l  labour  were  adopted — it  is  not 
dear  how  it  would  bo  dealt  with. 

The  great  fundamental  error  of  social  democracy  is  that  it  con- 
■titutc^s  society  on  the  basis  of  acquisition  for  soeiettj,  whereas 
human  nature  compels  the  individual  to  actpiire  for  himself.  Social 
democracy  is  thoroforo  Natuncidrig,  not  consonant  witJi  human 
instincts. 

According  to  the  advanced  evolutionists,  carbon,  hydrogen,  oxy- 
gon, and  nitrogen  constitute  a  plastidule,  the  most  minute  indepen- 
dent living  mass  of  protoplasm.  The  soul  with  which  it  is  endowed 
is  called  "  die  Platlidul  Scele,"  or  protoplastic  sonl.  VLrchow  very 
wittily  speaks  of  Carbon  ond  Co.  as  the  "  OrUuder  "  or  promoters 
of  the  protoplastic  soul.  "  Griinder  "  being  a  term  of  reproach  for 
the  founders  of  unsound  financial  couceniB,  Virchow  embraces  in 
one  common  hatred  Carbon  and  Co.,  and  the  socialists.  With  due 
regard  for  the  vehemence  of  this  learned  sarcasm,  I  venture  to  doubt 
whether  a  rapprochement  between  social  democracy  and  evolution 
can  be  established,  as  Virchow  does.  I  do  nut  venture,  in  these 
precincts  sacred  to  science,  to  attack  or  to  defend  the  theory  of 
evolution,  but  whatever  it  is,  it  is  essentially  opposed  to  socialism. 
Out  of  original  simplicity  and  unity  evolution  develops  a  multitude 
of  phenomena,  a  complex  organism :  socialism  wants  to  reduce  this 
complex  organism  to  abuormal  simplicity,  Tho  contrast  is  even  more 
striking,  when  we  take  tho  theory  of  natural  selection.  It  starts 
from  the  inexorable  comivetition  of  all  living  creatures,  and  then 
allows  only  tho  filtest  to  survive.  Tho  aristocracy — taking  the  word 
in  its  proper  sense — instead  of  disappearing,  are  the  only  class  who 
have  a  chance.  Socialism  starts  from  exactly  opposite  premises,  and 
takes  from  the  "  fittest "  their  vitality,  clips  their  wings.     Whatever 
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OTolndons  tho  socialists  may  perform,  tboy  will  not  be  of  a  scientific 
chatHctcr.  Their  motto  will  probably  bo  Stahl's :  Science  miist  again 
rettBoe  its  stcits.  Ck)mpleto  liberty  would  crush  tho  weak,  complete 
eqnality  the  strong  ;  unscientific  oqaality  is  therefore  adopted  instead 
of  scientific  liberty. 

It  is  only  because  in  Berlin  the  popnlar  linos  apply — 

"  Wer  die  Walirheit  kennet  und  sogct  eio  frei, 
Der  kommt  in  Berlin  suf  die  Sbuit  Vogtei "  *  — 

that  the  Neue  Kreuz  Zeitung  was  able  to  make  tho  theory  of  evoln- 
tion  responsible  for  tho  crimes  of  HOdel  and  Nobiling.  Forsooth 
the  danger  is  not  that  socialism  may  love,  bat  rather  that  it  will 
hate,  science.  Of  all  anti-socialist  forces  science  is  perhaps  one  of 
the  strongest. 

It  is  easier  to  dispose  of  the  relations  of  socialism  with  evolu- 
tion than  of  tho  harmony  on  some  important  points  of  socialists 
and  of  sach  men  as  the  late  Bishop  von  Ecttclor,  Moufang,  and 
Joerg,  of  the  German  centre  party  ;  Rudolf  Meyer,  of  tho  couscrva- 
tiTe  party ;  and  of  the  school  represented  by  Paglor  Todt,  who  has 
»  weekly  paper,  called  "  Der  StaaU  Sodaliit  (ron  etne-m  Pietitten,  dnem 
SekutzzoUner  und  einem  Agrarier  getti/tel),"  and  in  which  ho  writes : 
"  The  present  struggle  of  com]>ctition  is  nothing  but  a  system  of 
expropriation  veiled  by  illosions  with  regard  to  property." 

The  practical  side  of  social  democracy  is  represented  by  the 
Gotha  programme  of  1875,  which  adopts  the  following  principles  as 
those  of  the  various  sections  of  the  party  : — 

I.  Labour  is  the  origin  of  all  wealth  and  of  all  culture.  The  pro- 
duce of  tho  labour  of  society  belongs  to  society  ;  labour  is  nuiviTsal ; 
none  are  exempted ;  compensation  is  given  to  all  concerned  according 
to  their  merits.  Tho  emancipation  of  labour  must  be  the  task  of  the 
working  claasos,  compared  with  whom  all  other  classes  are  only  a 
reactionary  mnltitudo. 

II.  Starting  from  these  premises,  tho  socialistic  labour  party  of 
Gcmiony  works  towards  a  free  State  and  a  socialistic  commimity. 

Tho  socialistic  labour  party  of  Germany,  though  they  at  present 
work  iu  a  national  spirit,  are  aware  of  the  intemalional  character  of 
tbo  working  class  movement,  and  are  determined  to  fulfil  all  tho 
duties  which  it  imposes  on  the  working  men  to  make  the  fraternity  of 
all  men  a  reality.f 


*  ■•  Who  know*  aiKi  mnclaiaii  the  truth  at  Berlin  ii  tare  to  get  into  prison." 
t  Latoly  th«  Lt^tigir  folk*  SSeitwtg  pablliihed  tho  following  dcoUration 
■ddrsMed  til  it  l>7  mom  of  the  noislM  leaden :  "  Yoa  pabliah :  '  Uw  rarii  pnpar 
i'atri*  has  rsoeiTsd  fk«B  mm  of  iU  friindti  at  Dcrliii  who  ia  in  a  pooition  to  bo 
w»n  infolBwd.  a  ooninnmiwrttoB,  onyirdint;  to  which  tho  mciAlUtj  in  Berliit. 
BmsIm,  Laiawg,  Hamborr,  Monicii,  and  Hiuttgordt  held  mcvtiugv,  to  eomo  to  on 
•MkmfS  of  Um»  mmrdiag  Uie  pnacnt  «iliu>tiou  in  Franco.  Thv  tocioliita  In 
LsiMte.  Bnokn.  ana  Mmucli  found  tiio  prngrcM  of  Kicialiam  in  Fraocn  to  r»- 
nancoble,  that  on  oddnaa  «a<  divided  upon  to  tlie  Kninch  btothrcn,  of  whU-h 
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The  party  demamla  tho  ingtitution  of  socialistic  prod  active  i 
tioDB  aided  by  the  Statu  uudur  tLu  demucratic  control  of  tho  world] 
pooplo.     The  aasociatiuus  are  to  bo  started  so  estenBircly  for  : 
factoring  and  farming,  tliat  out  of  them  will  grow  the 
orgautBation  of  ooUoctivo  labour. 

Tho  aocinliiitic  labour  party  of  Germany  daims  as  the 
conditions  of  the  State : — 

1.  Unirersal  direct  compidsory  suffrage. 

2.  Legislation  directly  by  the  people,  decisions  respecting  pal 

and  war  by  tho  people.  , 

3.  Duty  to  share  in  the  general  defence  of  the  cotmtry.     AH 

of  the  people,  instead  of  a  standing  army. 

4.  Abolition  of  all  oxooptional   laws,  especially  respecting 

press,  public  meetings  and  associations. 

5.  Jurisdiction  by  the  people.     Unpaid. 
6i  General  compulsory  education  by  the  State.     Free  in  all 

grades.     Kuligiou  declared  to  be  a  private  interest. 

Tho  inimodiato  demands  of  the  socialistic  labour  party  of  Grermai 
within  tho  limits  of  society  as  at  present  constituted,  ore  as  follotrsj 

1.  Extension  of  political  rights  and  liberties  in  the  direction  1 

tho  proce<liiig  claims.  J 

2.  Only  a  progressive  income-tax  for  tho  State  and  the  pariil 
instead  of  all  existing  indirect  taxes,  especially  of  thoM 
which  press  on  tho  people.  J 

Unlimited  right  of  coalition.  I 

A  normal  day's  labour  in  reference  to  the  wants  of  society 
Prohibition  of  Sunday  labour. 

6.  Prohibition  of  children's  labour  and  of  all  labour  of  women 
hurtful  to  their  health  and  morality. 

Laws  protecting  the  life  and  health  of  labourers,  sanitary 
inspection  of  labourers'  dwellings.  Control  of  mines,  ol 
factories,  of  workshops,  of  homo  industry  by  officials  elected 
by  tho  working  men, 

Hegulation  of  prison  labour.  ■ 


8. 
4. 


6. 


tho  fanilnmental  idea  was  as  fnlloire:  The  Oerman  demnorets  ran,  alnsl  nnl; 
ntler  hskxI  wislios  for  tlio  final  triumph  of  the  soolal  repuliliu  in  France,  but  hope, 
tlint  tlie  French  dprnrxracy  after  itH  victory  will  givu  nclive  hulp  to  its  foreign 
brethren  who  gtill  sigh  iimlor  the  yoke,  especiolly  to  the  Gtriuan  proletariat;  a« 
soon  OS  the  social  republic  is  coDijtituted  in  FriiDce,  it  cnn  only  last  if  the  whole 
of  Europe  is  speedily  rejoicing  over  the  same  blessings  as  Franco.'  As  Leipzig 
is  also  uicntinnod  in  tlits  passage,  we  are  compelled  to  ilevlare  in  (he  name  of  the 
Leipzig  Bociulists,  that  the  whole  report,  na  far  na  we  know,  is  completely  without 
foundiition.  We  feel  ourselves  powerful  enough  to  settle  mutters  with  our 
opponents,  and  do  not  want  any  extraneous  nsuistunoe.  And  we  do  not  believe 
that  Oerninn  sociid  democracy  counts  a  single  member  who  is  of  a  different 
opinion.— Leipzig,  October  the  22nd,  1873.  A.  Bebel,  W.  Liobkaecht,  F.  W. 
Fritzsobe,  Wilh.  Hnaenclever." 
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8.  Complete  self-goTonunent  for  all  saTings  banks,  relief  associa- 
tions, friendly  sociotios,  and  clubs. 

These  were  the  resolutions  of  the  Congress  of  Gotha  of  May  the 
27tb,  1875,  where  25,000  working  men  were  represented.  Licbknecht 
and  Geib  represented  one  section,  HasencloTer  and  Hosselmann  an- 
other, in  the  previous  meeting  which  had  settled  the  terms  of  the 
eompromise. 

This  manifesto  contains  the  principles  advocated  by  Marx,  and 
evidently  assumes  that  the  history  of  the  world  is  simply  the  history 
of  a  struggle  between  various  classes,  and  that  you  have  to  upset  the 
economic  structure  of  society  to  get  a  better  society  and  a  different 
body  politic.  It  may  be  well  to  note  that  Marx  expressly  declares 
that  "  the  arm  of  criticism  does  not  stand  in  the  place  of  the  criticism 
by  arms.  Material  power  must  be  upset  by  material  power,  bat 
ihe^trica  also  become  material  power,  when  they  sway  the  multitude. 
Theories  are  capable  of  getting  hold  of  the  multitude  when  they  are 
demonstrated  ad  hoiniiicm,  and  they  are  demonstrated  ad  hominem 
when  they  become  nulical.  To  bo  radical  is  to  get  at  the  root  of  a 
matter.  The  root  of  man  is  man  himself.  The  clear  evidence  in 
favour  of  the  radicalism  of  the  German  theory,  and  therefore  of  its  prac- 
tical vitality,  is  that  it  storts  from  a  distinct  positive  superior  view  of 
religion.  The  criticism  of  reli){ion  ends  with  the  doctrine,  that  man 
is  the  highest  being  for  man,  and  therefore  ^rith  the  categorical  order 
to  overthrow  all  relations  in  which  man  is  a  humbled,  servile,  aban- 
doned, despicable  being :  relations  which  cannot  bo  better  described 
than  by  the  exclamation  of  a  Frenchman  on  hearing  of  a  proposed  tax 
on  dogs :  '  Poor  dogs,  yon  are  going  to  be  treated  like  men.'  " 

The  best  proof  of  the  influence  of  socialism  is  in  the  fact  that  in 
Germany  there  are  about  twelve  socialist  members  in  Parliament, 
whereas  in  the  American  Congress,  in  the  Danish,  Dutch,  and 
Belgian  Parliaments,  there  is  not  a  single  professed  socialist. 

On  the  Gib  of  March,  1880,  Dr.  Freiherr  von  Hertling  said  In  tho 
Beichtlag:  "  Wd  were  certainly  surprised  by  the  great  results  obtained 
at  the  late  elections  by  social  democrats,  but  I  believe  that  wo 
■hoold  go  too  fur,  if  we  took  it  for  granted  that  all  those  who  voted 
for  social  democrats  were  conscious  adherents  of  all  their  doctrines.** 
This  does  not  mend  matters.  The  return  at  the  late  election  in 
Hamborg  of  an  insignificant  shoemaker,  Hortmann,  without  any 
organisatioo  of  tho  party,  without  committee,  without  funds,  by  an 
OTerwhelming  majority,  can  only  be  attributed  to  the  fiact,  that  at 
Biunbarg,  as  at  Frankfort-am-Main,  social  demoortoy  has  wealthy 
friends  generonsly  disposed  towards  it. 

Wh«i«rer  socialism  lifts  its  head,  Germans  are  its  apostles. 
Eocarios,  Becker,  and  Gi^gg,  in  Geneva  (1873) ;  Meyer  and  HSflichor 
aooonpany  tho  bloo<ly  riots  in  New  York ;  at  St.  Louis,  Fischer  and 
Knhricm,  who  sends  a  telegram  to  Leipzig:  "St.  Louis,  a  town  of 
800,000  Bonis,  is  in  onr  power  I "    In  Switzerland  tho  German  cantons 
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contain  Uie  greater  number  of  socialists ;  in  Italy,  of  tbo  Italians  who 
understand  German  some  are  socialists.  Wbj  ie  this?  The  chief 
reaaon  is,  perhaps,  the  extraordinary  developmont  of  learning  in 
0«nnaay  and  the  ODoaidedness  of  Qennan  learning.  Germany  owes 
It  graat  deal  to  its  UniTersitieB,  bat  its  gratitude  is  assauiing  rather 
alarming  proportions.  Some  Germans  seem  to  think  that  all  social 
evils  can  be  cured  by  systems.  When,  thorofore,  notwithstanding 
inhllrclua]  superiority,  Germany  scorned  to  remain  in  a  comparative 
condition  of  material  inferiority,  it  was  natural  that  Uie  mass  of 
Germans  should  begin  to  say  :  It  is  all  very  well  that  every  provision 
is  made  for  onr  bmins,  but  what  is  the  provision  for  onr  stomachs  ? 
What  is  the  provision  made  for  the  weak  against  the  oppression  of 
the  mighty  capitalist — whether  he  be  an  individual  promoter  or  a 
ahareholder  in  a  limited  liability  company  °?  Here,  of  course,  was 
a  great  opening  fur  young  men  with  generous  dispositions.  The 
question  certainly  was  not  a  very  easy  one,  but  that  made  it  all 
the  more  attractive.  Instead  of  writing  profound  treatises  for  a 
very  limited  circle  of  learned  readers,  the  temptation  to  write  for 
a  very  large  public  was  great. 

The  apotheosis  of  the  State  became  the  favourite  theme.  The 
English  principle,  that  the  individual  should  reap  the  full  benefit  of 
his  own  individual  actions,  work  ou  his  own  responsibility,  and  not 
bo  hindered,  but  also  not  assit-ted  in  any  way  except  by  cheap  educa- 
tion, is  the  exact  counterpart  of  this  apotheosis  of  the  State,  which 
may  be  called  militarism.  Whether  the  State  absorbs  the  whole 
strength  of  the  nation  in  the  army,  as  in  Germany,  or  absorbs  it  in 
water,  as  in  Maine,  by  the  liquor  law,  the  principle  is  the  same.  It 
is  a  military  mode  of  propagating  opinions,  and  therefore  au  outrage 
on  a  fundamental  principle  of  liberty,  which  is  the  toleration  of 
error,  or  rather  of  what  the  majority  for  the  time  being  entitles 
error.  6o6ialism  is  the  most  logical  application  of  these  principles, 
which  are  not  as  uncongenial  to  the  German  mind  as  they  are  to 
ours. 

Socialism  would  crush  individual  volition.  It  assumes,  that  indi- 
viduals  being  left  to  their  own  devices,  must  come  to  grief,  but  acting 
collectively  will  escape  from  the  miseries  of  this  present  life.  This 
theory  is  tempting  both  to  a  privileged  class  afraid  of  losing  its 
privileges,  and  to  the  "  reeiduum,"  which  sees  in  it  the  shortest  cut 
to  power.  It  ought  to  be  rcsietod  by  the  onlightouod  liberty-loving 
members  of  all  classes.  Unfortunately  the  GemiBn  middle  class  is 
not  enlightened  politically.  It  has  not  yet  realised  the  advantages 
of  independence.  It  cannot  grasp  the  fact,  that  it  is  the  merit  of 
representative  institutions  to  keep  the  various  interests  in  balance, 
alltjiving  them  to  protect  themselves  from  State  interference  instead 
of  courting  it.  The  parliamentary  system  is  quite  as  hateful  to  the 
socialists  as  it  is  to  uligarchs,  because  it  is  a  check  on  supremacy  and 
on  inducement  to  controversy. 

Oligarchy  and  socialism  both  enslave  the  human  mind.     Demo- 
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oncj  introdnccd,  where  the  OoTcrnment  is  more  or  loss  confined  to 
police  dntios,  will  not  find  a  large  scope  for  ite  powers  of  doing  mis- 
chief, but,  where  it  encceods  to  a  paternal  GuTenimont,  it  is  upt  to 
■Mnme  parental  autburitj  on  a  dangerous  scale,  forgetting  thnt  it  is 
the  parent  of  cliildren,  a  good  number  of  whom  are  wiser  than  itself. 
Comnmnitios  tending  to  democracy  should  therefore  be  extremely 
careful  with  what  duties  they  charge  the  State.  The  smaller  the 
inheritance,  in  this  case,  the  less  '^damnosa"  it  will  prove  in  the 
future.  The  great  difficulty  in  making  laws  is  to  prevent  these  laws 
from  going  beyond  their  intended  object. 

The  questions  of  Sieyes — What  is  the  middle  class  ?  Nothing ; 
What  should  it  be?  Everything; — are  exaggerations,  but  certainly  in 
a  less  dangerous  direction  than  Lassalle's  advice  given  in  those  words: 
"  Take,  friends,  this  pledge  :  if  ever  it  comes  to  a  struggle  between 
the  monarchy  by  divine  right  on  the  one  side,  and  this  miserable 
middle  class  on  the  other,  then  take  your  oath,  that  yon  will  stand 
on  the  side  of  monarchy  against  the  middle  class.  .  .  .  from  my  youth 
I  have  been  a  republican,  and  nutwithstanding,  or  perhaps  exactly  on 
that  aooount,  I  ha%'u  come  to  the  conclusion,  that  notliing  can  have  a 
greater  future  and  a  more  blissful  iuflucnco  than  royalty,  if  it  can 
only  decide  to  become  '  Socialos  Eonigthum.'  "  Bismarck  said  of 
Lassalle,  of  whom  ho  had  a  very  high  opinion :  "  Wliether  the  German 
empire  would  exactly  culminate  in  the  dynasty  of  Huheuzollem  or  in 
that  of  Lassallo  was  probably  doubtful,  but  Lassalle's  tendcucios  wore 
certainly  monarchical." 

Napoleon  expressed  the  idea  very  forcibly  :  "  Given  a  triangle," 
be  said ;  "  one  side  represents  the  Church,  the  second  side  the  army, 
the  third  side  the  people,  and  in  the  centre  yon  have  the  middle 
olaia  well  fsnoed  in. 

In  Germany  the  whole  political  system  has  been  so  framed  as  to 
check  political  independence  nnd  vigour,  either  in  the  higher  or 
in  the  middle  class.  The  ruling  power  in  Germany  is  an  exceedingly 
well-traino<l,  highly  organised  bureaucracy  {bureaucralumuui).  8olf- 
gorernoent  is  hardly  in  its  infancy ;  everything  is  done  for  the 
people.  Bureancratio  initiative  supersedee  all  parliamentary  initia- 
tive. The  socialists  naturally,  therefore,  wish  to  lay  hold  of  this 
buruiacracy  ;  they  must  take  possession  for  their  own  purposes  of  the 
existing  machinery.  Instead  of  increasing  the  power  uf  Parliumout, 
-  the  extreme  parties  on  either  sido  in  Germany  weaken  its  control : 
ttM  UMntive  by  its  demands  of  arbitrary  power,  the  social  doniocriits 
bj  their  ditdikc  to  joint  action  with  the  liberal  [wirty.  Meanwhile  the 
inereaao  of  activity  of  the  Government,  its  assumption  of  more  rcspou- 
•ibility — as  in  the  management  of  railways — constitutes  a  conccMion 
to  the  principles  of  social  democracy  and  stimnlates  the  revolutionary 
•ppetiiea.  Of  this  "  socialismo  dVtat "  there  are  symptimis  in  France, 
WBcra  bills  have  been  introduced  by  private  members  socuritig  to  the 
working  cLuaea  either  a  pension  at  the  close  of  life  or  a  small  capital 
to  start  with.     Instead  of  abandoning  protection  and  reducing  all 
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taxation  which  intcrfores  with  the  first  necessities  of  the  working 
chiaees,  the  circnitons  process  is  maintained  of  taking  witli  one  hand 
and  giving  back  with  the  otiicr,  the  net  rosnlt  of  which  can  onlj  be 
the  salary  of  a  certain  niunber  of  superflaons  ofBcials,  besides  the 
obvious  damage  done  to  trade. 

These  principles  are  found  in  the  programme  of  May  the  30th, 
1873,  of  D<u  Verein  fiir  Social  Polilik,  composed  of  the  most 
learned  ]>olitical  economists  of  Germany.  They  wish  to  avoid  the 
stem  individualism  of  the  Manchester  school,  as  well  as  the  social 
rovolntion  which  would  result  from  the  monopoly  of  capital  by 
the  State.  "  We  are  of  o])iuiou,"  they  say,  "  that  the  unlimited 
freedom  of  action  of  individual  interests  which  are  partly  opposed 
to  each  other  and  are  not  of  equal  strength,  does  not  guarantee  the 
well-being  of  the  whole  community.;  that  the  exigencies  of  s  oommon 
feeling  of  humanity  must  also  iunuence  economic  conditions  much 
more,  and  that  the  well-considered  intervention  of  the  State  must  be 
admitted  in  time  to  protect  the  just  interests  of  all  concerned.  .  .  . 
In  bringing  this  intervention  to  a  serious  issue,  the  egotism  of  the 
individual  and  the  selfish  wants  of  the  various  classes  of  the  com- 
munity n'Ul  be  made  subject  to  the  permanent  and  higher  calling  of 
the  whole  community."  The  first  sentence  is  a  protest  against  the 
Manchester  school,  the  second  against  socialism. 

Wagner's  theory  goes  beyond  this ;  he  wants  a  compromise  with 
socialism,  the  increase  of  collective  at  the  expense  of  individual 
property.  Ho  would  vest  all  property  in  land  and  houses  of  a  town 
in  some  public  authority.  It  is  said  that  bo  wont  to  Varzin,  Prince 
Bismarck's  seat,  to  expound  a  schuino  by  which  the  whole  iusuranco 
bnsiness  of  the  country  would  l>o  undertaken  by  the  State.  Even 
Von  Sybel,  who  is  a  decided  opponent  of  socialism,  writes  about 
wealth:  "As  such  it  hiis  no  value,  it  obtains  it  only  by  satisfying 
human  wants  ;  acquisition  of  property  shoidd  only  be  an  object  ia  so 
far  as  it  is  the  means  of  attaining  higher  ends,  such  as  health  and 
capacity  for  labour,  enjoyment  and  jRvwer,  intelligence  and  bene- 
volence. Whore  the  pursuit  of  wealth  is  in  antagonism  with  theso 
objects,  there  economic  laws  remain  true,  but  they  have  to  bow  to 
higher  laws,  and  huinnn  society,  the  State,  ia  not  only  justified,  but 
obliged  to  rc<iuii'e  this  submission  from  cich  of  its  citizens,  and  in 
cose  of  need,  to  use  compulsion."  Here  wo  have  von  Sybel 
throwing  on  the  State  the  duty  of  adjusting  human  society,  and  of 
drawing  the  line  between  thrift,  a  virtue,  and  niggardly  shabbiness, 
a  vice. 

In  what  an  absurdity  this  would  land  us.  It  is  not  the  State  which 
can  or  must  enjoin  the  subniission  of  human  society  to  higher  laws. 
This  can  only  be  dono  by  the  dictates  of  conscience  and  by  the 
voluntary  cffurt  of  each  individual.  Tiiat  socialism  considers  the 
acquisition  of  wealth  as  the  highest  law  is  one  of  its  most  grievous 
errors,  and  must  have  a  demoralising  influence  on  its  votaries.  How 
is  social  democracy  to  be  combated  ?    By  exceptional  laws  ?     By 
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eetabltshing  what  the  Oermans  call  a  state  of  dry  siege  ?  By  com- 
promise  V     Certainly  not.     Socialism  is  a  fallacy. 

The  attitude  uf  a  Govemnunt  tuwards  imy  moTetnont  arising  in 
the  nation  against  its  wishes,  slionld  always  bo  guided  by  the  tliought 
that  it  is  not  bruught  face  to  face  with  an  extraneous  and  a  hostile 
force,  bat  with  its  own  fellow-citizens.  Whatever  measures  are 
taken,  evidently  ore  taken  by  one  part  of  the  nation  agniust  another 
part.  From  the  nature  of  things  that  {Hirt,  Ijowcver  small  a  minority, 
is  streugtlienod  by  any  measures  which  savour  of  persecution.  In 
the  long  ran  the  family  instinct  which  exists  in  nations  will  assert 
itself.  A  statesman  who  does  not  think  of  his  own  ends,  but  of  the 
amtinnity  and  the  ultimate  good  of  the  nation,  wiU  therefore  do  all 
he  can  to  remain  neutral  in  all  social  and  religious  struggles,  unless 
they  constitute  a  real  peril  to  the  very  existence  of  society.  The 
worst  thing  that  can  happen  to  an  author  or  an  artist  is  not  violent 
criticism,  but  that  his  work  should  bo  ignored.  This  applies  to  parties 
and  tlie  action  of  Government  towards  them  as  well.  Whatever  it 
notices  it  magnifies.  The  licensed  victiiiiller  unnoticed  is  nowhere, 
legislated  upon  or  against  he  becomes  an  im|)ortaut  factor  ;  the  clergy 
in  the  Rhenish  provinces  left  alone  were  not  vei7  influential,  bat 
nndor  the  control  of  the  authorities,  they  become  popniar  heroes. 

The  socialist  leaders  are  quite  aware  of  this.  They  know  that 
CTery  term  of  imprisonment  adds  to  the  numbers  of  their  followers, 
whateTor  disagreeable  results  this  may  have  for  themBclves.  They 
want  a  struggle,  not  victory.  Victorious,  they  would  quarrel  over 
the  spoils  and  immediately  meet  with  resistance  too  strong  for  them. 
One  of  the  best  speeches  in  favour  of  the  Repression  Act,  introduced 
in  1878  iu  the  German  Parliament,  was  delivered  by  the  socialist,  M. 
N.  Hasselniann,  though  of  course  he  voted  againtl  the  bilL  The 
socialista  afford  a  great  opportunity  to  any  statesman  who  wishes  to 
keep  the  nation  in  a  feverish  con<iition.  All  he  has  to  do  is  to  point 
to  their  nefarious  doctrines.  This  is  the  result  of  what  the  socialists 
are  pleased  to  call  their  "Idealism us"  which,  however,  does  not 
shrink  from  calling  the  execution  of  Hwlel  "  niardcr,"  and  the 
niiirtler  of  General  Mcscnsow  an  "  irregular  cxocntion."  The  Act 
against  the  socialists  which  has  just  been  renewed  is  to  quell  "  die 
Uutergtabang  dor  bestohcnden  Staata-  and  Geflcllschafts-Ordnang," 
and  givea  exceptional  power  to  the  police. 

The  Aoatrian  Qovernment  is  not  placed  in  the  same  difficulty  as 
tbe  German  Government,  becaoso  Austrians  do  not  care  for  theories 
uleas  they  see  poconiary  results.  If  in  Saxony,  where  social 
dcaxKOBcy  is  strongest,  those  results  were  to  follow,  it  is  probable 
that  social  democracy  would  get  a  following  in  Austria.  At  present 
no  special  measures  are  enacted  by  the  Austrian  Government.  It 
relioa  on  the  efficacy  of  a  strict  law  for  the  expulsion  of  foreigners 
by  the  police,  and  the  control  of  the  right  of  public  mooting.  The 
police,  who  are  always  represented  at  those  meetings,  would  at 
COM  elose  them  in  case  anything  revolutionary  were  taught.      No 
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uaociation  can  bo  formed  which  does  not  provionely  enbrait  its  rules 
for  approval  to  the  Govomment.  The  Austrian  Government  does  not 
oonsidor  that  there  is  any  need  for  Btrcngthcuing  their  hands  by  now 
laws. 

In  Germany  intense  alarm  was  created  by  the  spread  of  a  new 
creed  which  certainly  did  not  scorn  to  adopt  abstract  tenets,  which 
took  good  care  to  start  from  entirely  new  premises,  which  proclaimed 
everybody  to  have  been  deceived  by  everybody  else,  and  which 
was  haUod  with  a  cordial  welcome.  The  question  it  really  opens  is 
this :  Can  the  German  people  be  made  prosperous  at  home  without 
resorting  to  emigration?  Can  the  resources  of  the  country  be  de- 
veloped f  Can  the  fear  be  removed  that,  unless  revolutionary  means 
aro  used,  Germany  must  remain  a  poor  and  unhappy  country  ?  The 
solution  we  should  propose,  I  think,  would  be  the  same  we  gave  to  a 
similar  crisis  after  WHtorloo.  Let  trade,  manufactures,  and  agricol- 
tnre  bestir  themselves; — remove  everything,  in  whatever  shape  or 
form,  which  hampers  their  development ;— see  how  your  taxation  can 
bo  reduced.  If  this  cannot  bo  done  witliout  a  European  nuder- 
standing  or  disarmament,  then  why  not  come  to  this  nndcrstauding, 
why  not  depart  from  what  Mirabcau  called  "  I'indostrio  natiouale  do 
la  Prusso  la  gtiorro." 

The  same  burden  which  presses  on  Germany,  presses  on  other 
States.  Education  is  going  on  in  these  other  States,  and  will  Eiv>Der 
or  later  produce  the  same  craving  for  comfort  which  it  has  pnxluced 
in  Germony.  This  result  is  inevitable.  Education  gcnorotes  greater 
re<iuiremeut8.  State  demands  made  a  century  ago,  and  tlicn  appearing 
plausible,  will  now  be  severely  criticised  by  those  on  whom  they  are 
made,  and  by  whom  they  must  be  approved.  If  they  are  not  approved, 
and  yet  continued  all  the  same,  they  will  prepare  a  soil  un  which  any 
weeds  may  grow.  The  social  democrats  know  this,  and  rejoice  over 
all  the  mistakes  which  are  mode  by  their  opponents,  and,  quite 
naturally,  fear  most  of  all  rcsol  reformers.  Enemies  of  individual 
capital,  they  cannot  endure  tliuso  who  would  make  it  possible  for 
everybody  to  become  more  or  less  of  a  capitalist.  Their  propaganda 
thrives  on  the  antagonism  between  wealth  and  the  proletariat.  A 
society  composed  of  thrifty  men,  contented  because  they  could  enjoy 
quietly  their  savings ;  a  society  in  which  all  dishonesty  was  rigorously 
ostracised,  whenever  it  could  not  bo  treated  as  a  criminal  ofifcnco ;  a 
society  where  a  certain  amount  of  well-being  was  within  the  reach  of 
aU,  would  not  yield  them  a  considoniblo  return  of  converts. 

As  long  as  the  avemgo  wat»os  of  a  Grermtm  mochonic  are  not  ranch 
more  than  half  those  of  an  English  one,  with  a  heavy  income-tax 
affecting  even  the  smallest  incomes,  house  rent  in  the  great  cities 
enormously  high,  and  the  bread  winner  called  away  for  tliree  years' 
service  at  the  oge  of  twenty,  you  may  annihilate  the  liberty  of  speech 
of  social  democracy,  but  you  cannot  prevent  it  from  spreading.  Pro- 
cessions will  attend  fimerals  of  leiulers  :  12, 000  persons  at  Brcslau  of 
Boinden ;  20,000  to  40,000  persons  at  Hamburg  of  Geib ;  though  it  is 
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renurkftble  that  no  illogal  outrage  has  b«en  committed  since  the 
paming  of  the  anti-Bocialistic  Act.  Five  years  ago  half  of  tho  in- 
habitants of  Germany  were  too  poor  to  pay  any  direct  tax ;  of  those 
that  remained,  more  than  400.000  had  to  bo  prosecuted,  and  of  these 
160,000  were  simply  found  to  bo  completely  destitute  of  means. 

It  is  not  wonderful,  then,  that  even  young  Government  clerks  fresh 
from  the  University  are  unconsciously  using  in  State  documents  the 
jargon  of  State  socialism,  and  that  they  inveigh  against  the  spoils  of 
private  enterprise  and  individual  egotism  as  if  they  wcro  writing  for 
the  socialist  press,  and  not  inditing  documents  intended  to  suppress 
socialism.  The  German  Giovemmcnt  is  placed  in  a  delicate  position. 
Their  actions  are  scrutinised  by  minds  tilled  with  chimeras.  From 
professorial  chairs,  from  low  platforms,  the  restoration  of  society  is 
the  never-ceasing  theme.  Practical  ideas  fall  flat,  and  hard  work, 
which  must  inevitably  be  the  first  duty  of  tho  greater  part  of  man- 
kind, becomes  unattractive.  A  Gorman  workman  forfeits  his  wages, 
oonvinood  that  eventually  the  "Volksstaat"  will  give  him  unpre- 
oodentod  comforts.  Meanwhile  he  is  dismissed  by  his  employer  and 
becomes  cynically  covetous.  He  docs  not  want  reform,  which  is 
the  more  just  a)>plication  of  an  existing  principle,  but  revolution, 
which  is  the  substilntion  of  a  new  principle  for  an  old  one.  He  ia 
not  satisfied  with  the  tame  privileges  which  tho  other  citizens  enjoy. 

Germans  have  been  accustomed  to  centuries  of  patriarchal  govern- 
ment That  patriarch  cannot  suddenly  abtlicate.  He  should,  however, 
snrroudcr  gradually  his  functions.  Tho  question  of  State  interference 
is  the  great  political  question  of  the  day.  Where  the  State  under- 
takes everything,  as  in  the  socialist  State,  society  ceases  to  live,  and 
becomes  like  a  corpse.  The  rout  of  the  Manchester  school  ("das 
Manchesterthom "),  on  which  tho  Nord  Deuttche  Zeitung  throws 
the  blame  of  socialism,  would  bo,  on  the  contrary,  tho  defeat  of  its 
bitterest  enemy.  In  Germany,  faith  in  organisation  has  superseded 
faith  in  liberty.  Bismarck  himself  gave  the  explanation  in  his  speech 
of  May  the  8th,  1880,  when  ho  siiid :  "Thirty  years  I  have  fought 
for  German  unity" — mark:  not  liberty — though  he  also  made  the 
following  remarkable  statement :  "  I  deem  it  necessary  to  state,  that 
the  enthusiasm  for  tho  principle  of  Gorman  unity  is  slightly  weakened. 
Tos,  gentlemen,  weakened.  Particularism  has  increased,  the  an- 
tagonism between  parties  is  fiercer,  the  struggle  of  passioiu  more 
violent.  I  am  fully  entitled  to  appear  on  this  subject  as  a  competent 
witness."  Nobody  hero  I  suppose  will  dispute  the  gravity  of  those 
words. 

Wo  owe  too  much  to  Germnn  learning,  to  German  science,  to 
Geman  literature,  not  to  wish  that  united  Germany  should  prosixsr. 
A  ngalar  action  of  the  heart  of  £uro|)0  is  oll-imnortaut.  But  the 
mitj  of  Germany  most  be  accompanied  by  tho  free  development  of  all 
German  internal  forces,  to  be  safe  from  dlsraption.  Let  ns  hope  that, 
aftw  baring  traTclled  through  the  wilderness  of  protection  and  re- 

ioo,  Germany  may  enter  on  a  smooth  course  of  real  liberty. 


Lord  Beay  on  Social  Democracy  in  Oermany.       [M»y  14| 

Bigbtly  interpreted,  tliia  onlj  means  •  higher  efficiency  of  all  the 
[  eonstituentg  of  a  people  in  their  various  functions,  not  of  Bomc  only. 
rljMa  activity  in  the  Government  nienns  an  increased  activity  of  nil 
citizens  cooperating  to  further  prosperity  and  cultnre.  Lassallo 
said  the  great  question  of  the  day  was  simply  "  eine  Magenfrage,"  a 
question  of  food  supply,  which  the  English  free-traders — according  to 
Others — reduced  to  "cine  Bentel&age,'  a  purse  question.  Germany 
is  nut  suffering  merely  from  either  the  one  or  the  other;  tlie  whole 
condition  of  Germany  ia  one  of  moral  debility  and  iutellectnal 
nervousness.  Common  sense  ia  the  tonic  required  above  all  others; 
without  it  moral  and  intellectual  remedies  are  of  no  use. 

Thiers  left  tbe  inheritance  of  social  democracy  to  Germany.  He 
also  proi)lie8iod  that  "  wicked  "  Frenchmen  would  be  more  beloved 
by  the  nations  of  the  future  world,  than  well-educated  Englie^hmeu. 
Perhaps,  because  as  Novalis  said :  "  Every  Englishman  is  an  island," 
and  our  institutions  are  made  to  fit  the  British  Archii>elago.  The 
prospect  for  the  nations  of  the  future  world — half  of  which  is  likely 
to  speak  English  and  to  be  imbued  with  English  ideas — is  probably 
that  of  a  more  luxuriant  political  vegetation  than  Thiers  seemed 
willing  to  admit,  if  they  adopt  or  hold  to  the  present  faith  of  English- 
men, that  socialism  is  only  another  form  of  what  Englishmen  have 
always  abhorred  and  will  always  repudiate  :  despotism. 

[R] 
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The  DuKK  OF  NoBTHUUBERLAND,  D.C.L.  LL.D.  President, 
in  Uie  Chair. 

WnxiAM  Spottiswoodb,  Esq.  D.C.L.  M. A.  LL.D.  Pres.RS.  MM.I.  &c. 

Electricily  in  TrantUu, 

Thi  subject  which  I  have  proposed  for  this  evening's  diaconrse  does 
not  offer  the  wide  perspective  of  modem  investigation  opened  oat  by 
that  of  Professor  Huxley,  nor  can  it  claim  the  manifold  and  varied 
sympathies  evoked  by  the  lectures  which  have  followed  on  the  suc- 
ceeding Fridays.  It  belongs  rather  to  the  region  of  minute  philo- 
■ophy,  and  will  on  that  account  perhaps  require  more  than  usual 
patioiico  and  attention.  Following  the  linos  of  a  research  on  which 
Mr.  jSIiiultun  and  myself  have  boon  for  some  time  engaged,  I  hope  to 
extend  by  one  or  two  stops  our  knowledge  of  tho  intomol  mechanism 
of  that  complicated,  and  still  somewhat  mystoriouK  subject,  the  Elec- 
tric Discharge.  And  in  so  doing  I  must  leave  aside,  or  at  least  only 
incideutAlly  touch  upon,  many  collateral  points  of  interest  which  havo 
preaonted  themselves  in  our  inquiry ;  because  my  main  object  will 
be  ultimately  to  bring  ourselves  face  to  face  with  those  important 
elements  which  we  havo  called  the  small  time-qnantities  of  the  phe- 
nomenon ;  that  is,  tho  times  during  which  tho  different  parts  of  tho 
discharge  are  effected.  These  quantities  are,  however,  so  truuieut 
in  duration,  so  evanescent  in  magnitude,  that  they  elude  all  direct 
obMirvation  oven  with  oar  most  delicate  instruments ;  and  therefore, 
abandoning  all  attempts  at  absolute  measurement,  wo  havo  cnde*- 
vourtxl,  as  it  were,  to  lay  wait  for  them  as  they  pass,  and,  catching  up 
any  waif  or  stray  indication  that  they  may  leave  behind  in  trantilu,  to 
fomi  8iich  relative  estimate  of  tho  quantities  in  question  as  may  prove 
poacible. 

It  ia  well  known  that  when  an  electrical  discharge  u  efleetad  in 
air  or  other  gas  at  atmospheric  proasoro,  it  passes  in  an  irregular 
bright  lino  or  spark.  If  the  discharge  bo  made  in  a  closed  tube,  and 
the  tabe  be  gradoally  exhausted,  the  discharge  becomes  tkickor  as  tho 
nhanatico  prooeedc,  until  it  completely  fills  the  tube  with  light. 
Dnring  tho  process  of  cxhaufitinn,  the  discharge,  when  effected  in  a 
■nitable  manner,  exhibits  the  phouomcna  of  stratilication  in  its  various 
pbases ;  while  at  the  lame  time  a  rery  marked  dissymmetry  between 
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tlie  pofiitiTO  and  the  negative  ends  of  the  discharge  displays  it 
This  dis^nunetry  increases  with  the  progress  of  the  exhaastion. 

But  pusing  over,  for  the  present,  these  features  of  onr  sabject,  | 
wish  to  draw  yoar  attention  to  a  peculiar  condition  of  the  discfa 
which,  having  stndiod  with  much  care,  we  have  turned  to  aoooont  j 
our  R]H-cial  molhod  of  research.  It  ia  as  follows :  If  a  continuous  son 
of  I'lM'tricitj,  such  as  a  Iloltz  machine,  be  used,  and  the  terminals 
the  tnbe  be  connected  with  the  main  conductors,  or  poles,  in  the  usual 
way.  the  discharge  will  pass  through  the  tnbe  in  a  condition  which  to 
all  direct  observation  appears  to  bo  continuous  in  respect  of  timaJ 
although  the  researches  of  Mr.  Do  La  Ruo,  and  of  others,  alike  poin 
to  the  conclusion  that  the  discharge  is  in  every  case  discontinuous 
and  disruptive.  In  this  condition  the  discharge  is  indifferent  to  the 
presence  of  a  conductor,  or  even  to  that  of  a  charged  body,  such  as  an 
electrophorous,  or  a  Loyden  jar.  If  the  latter  bo  brought  near  enough 
to  discharge  itself  on  to  the  tnbe,  the  luminous  column  will,  it  is 
tmo,  exhibit  a  momentary  flutter,  but  will  show  no  other  sign  of 
susceptibility.  This  momentary  flutter  is,  nevertheless,  worthy  of 
being  noticed,  as  it  will  roapixsar  at  a  later  stage  of  onr  investigatioibn 

If,  however,  one  of  the  connections  between  the  machine  and  thflj 
tube  be  broken  by  a  small  interval  of  air,  over  which  the  dischorgfl 
must  always  leap  in  the  form  of  a  spark,  the  luminous  column  imme- 
diately becomes  sensitive  to  the  approach  of  a  conductor.  This 
break  in  connection,  or  air-spark,  may  bo  made  either  in  the  wire 
leading  from  the  positive,  or  in  that  Ica'ling  from  the  negative  pole 
of  the  machine — in  other  words,  in  that  leading  to  the  positive  or  to 
the  negative  terminal  of  the  tube  ;  and  it  will  be  convenient  to  speak 
of  these  two  dispositions  as  the  positive  air-spark  and  the  negative 
air-«park  arrangement  respectively.  Wlicn  an  air-sjmrk  is  used  the 
discharge  will  bo  described  ns  intenaittont ;  when  it  is  not  used  it 
will  be  called  continuous,  although,  having  reference  to  a  remark 
made  above,  the  latter  term  can  strictly  bo  used  only  in  a  qualified 
sense. 

This  condition  of  sensitiveness  is  that  which  was  mentioned  above 
OS  having  been  the  subject  of  our  special  study.  The  general  fact  of 
sensitiveness  in  an  electrical  discharge  had  been  noticed  by  previous 
observers ;  but  its  connection  with  intermittouce,  and  the  laws  which 
regulate  it,  do  not  appear  hitherto  to  have  attracted  the  attention 
which  they  deserve. 

lu  order  to  examine  this  condition  of  the  discharge,  let  us  begin 
with  a  tube  of  moderote  exhaustion,  which  presents  a  column  of  light 
from  the  positive  tenuinal  through  the  greater  part  of  its  length ; 
then  a  blank  space ;  and  lastly  a  halo  of  light  enveloping  the  negative 
terminal.  If  an  air-spark  bo  now  introduced  into  tho  positive  part 
of  the  circuit,  tho  column  will  lengthen  and  approach  the  negative 
terminal,  and  it  will  at  the  same  time  contract  lat<iral]y,  and  become 
norrowor.  If  a  conductor,  suclj  as  the  finger,  be  now  made  to  approach 
the  tube  the  column  is  repelled ;  and  if  the  conductor  be  brought  still 
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nearer,  the  colnmn  is  soverod  into  two,  while  from  the  poiut  nndcr  that 
where  the  finger  roBts  there  issues  a  halo  similar  to  that  which  Bur- 
roanded  the  negative  terminal  before  the  air-«park  was  iutrodncud. 
The  explanation  of  this  phenomenon  is  to  bo  sought  in  the  fact  that  tho 
positive  electricity  coming  from  tho  machine  accnmolates  at  the  air- 
spark  interval  nntil  it  has  acquired  sufBciont  tension  to  make  the 
leap.  It  then  passes  per  saltum  into  tho  tube,  giving  to  the  latter  an 
mstiuitaneons  charge  of  the  same  name  as  that  appertaining  to  the 
air-spark  terminal.  Tho  conductor  ontsidc,  through  a  redistribntion 
of  the  electricity  on  its  surface,  is  able  to  supply  to  the  tube  by 
induction  tho  electricity  which  it  needs,  and  forma  a  quasi  terminal 
unracdiatoly  within  the  point  of  contact.  In  the  case  in  question, 
the  quasi  terminal  is  a  negative  one ;  the  repulsion  is  the  equivalent 
of  tho  blank  Bi>ace,  and  the  blue  discharge  that  of  tho  negative  halo. 
On  account  <>f  tho  fact  tliat  this  inductive  supply  of  electricity  from 
the  outside  relieves  the  charge  upon  tho  tube  duo  to  tho  impulse  from 
the  air-spark  terminal,  wo  have  called  tho  effocts  iii  question  the 
relief  effecU.  They  are  by  their  very  nature  intermittent  and  co- 
perio<lic  with  the  discharge  whoso  needs  are  thus  supplied. 

The  same  is  the  case,  mutatis  mutandin,  with  a  negative  air-spark. 
The  relief  consists  in  a  series  of  positive  discharges,  which  are 
characterized  by  an  attraction  of  the  luminous  colnum  within  the 
tube,  and  by  tlie  commencement  of  similar  luminosity  immediately 
within  the  point  of  contact.  Tho  effects  with  a  negative  air-spark 
•re  not  so  marked  as  those  with  a  positive,  for  reasons  to  be  men- 
tioned hereafter. 

It  is  further  to  bo  noticod  that  the  completeness  of  these  effects 
depends  npon  the  capacity  of  the  conductor.  In  tho  case  of  an  earth 
•onnection,  the  capacity  is  infinite  and  the  relief  complete.  If  instead 
of  the  earth  we  take  simply  a  reel  of  wire  insulated  bodily,  then, 
when  the  wire  is  coiled  up  close  to  tho  tube,  the  relief  which  it 
affords  is  very  small,  viz.  we  find  only  moderate  repalsion ;  but  as 
the  wire  is  uncoiled  and  led  away  at  right  angles  to  tlio  tube,  the 
capacity  of  the  system  increases,  and  tho  relief  becomes  more  and 
more  complete,  viz.  we  have  stronger  repulsion,  and  when  the  relief 
is  sufficient  we  have  tho  blue  discharge  also. 

If  contact  with  the  outside  bo  made  with  a  ring  of  tinfoil  wrapped 
round  tho  tube  tlie  effect  will  bo  more  striking.  In  the  case  of  negative 
relief,  tho  positive  impulses  will  start  in  tho  form  of  a  hollow  cone  in 
the  direction  of  tlie  negative  terminal,  while  the  negative  olootricity 
left  free  beneath  tlie  tinfoil  goes  to  meet  and  to  satisfy  tho  positivo 
impulaos  arriving  from  the  positive  terminal;  and  in  so  doing,  it 
trmioatfls  the  pomtive  oolomn. 

It  will  doubtloashavo  oooarred  to  some  of  my  aodienoe  that,  if  tho 
oxplanation  of  tlioae  efibots  be  correct,  it  onght  to  be  poosiblo  tu 
imitate  them  by  connocting  a  point  on  the  outaido  of  the  tube  with  the 
mrpoaito  or  non  air-spark  terminal,  becaose  wo  should  then  be  snp- 
|l^ilig  cxaotly  what  was  wanted,  vis.  impolae*  of  electricity  of  tho 
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oppneito  namo  and  coporiodic  with  those  projected  into  the  interic 
from  tho  air-epark  tcnniiial.     And  tliia  proTOfl  to  be  the  case. 

It  inny  thon  t>c  fairly  attkcd,  what  will  bo  the  effect  of  loading  t 
tho  onUidc  of  the  tnbe  itnpnlsos  from  the  oir-Bpark  terminal  itself 
i.  o.  impulses  cmporitKlic  with  those  inside,  but  of  the  same  name 
Those  effects,  which  to  distinguish  theni  from  tho  relief  effects  we  hav 
mlled  tpecial,  are  really  what  might  hare  been  anticipated ;  lii 
I  ■pocial  cffucts  with  a  positivo  air-spio-k,  or  mnrc  briefly  jiositiTe  specia 
tfects  are  like  relief  cffocts  with  a  negative  air-spark,  or  negativ 
relief  effects,  and  vire  vend.  This  then  tnimpletcs  the  fonr  poeatbl' 
oombinations  of  air-e]>ark  with  coperiodio  inductive  impulses,  d 
\mira. 

In  all  the  cases  of  special  effects  it  will  be  observed  that  thi 
impulses  convoyed  by  the  wire  outside  have  always  arrived  at  th< 
pout  of  contact  in  time  to  produce  tlieir  effect  on  the  olectricit] 
advancing  within  the  tube  ;  in  other  words,  that  electricity,  whetliei 
positive  or  negative,  is  conveyed  along  a  conductor  at  least  as  quicklj 
as  along  the  gas.  We  shall  in  the  sequel  show  reasons  for  thanking 
that  it  travels  more  quickly  along  a  conductor. 

Having  exhausted  the  effects  due  to  a  single  air-spark,  we  are 
naturally  entitled  to  inquire  what  will  be  the  effoct  if  two  air-sparks 
be  used,  tho  one  positive  the  other  nof^ative.  Tho  experiment  can  be 
made  with  the  same  apparatus  as  that  hitherto  used,  viz.  a  Holts 
macliine  and  an  air-epark  interval  in  each  wire  leading  to  the  tube; 
but  it  is  more  eaisily  effected  with  a  i^mall  induction  coil  giving  small 
but  rapid  impulses,  which  are  equivaluut  to  an  air-spark  at  each  ter- 
minal. Ill  this  case  it  will  bo  found,  on  testing  the  tube  by  means 
of  its  relief  or  its  special  effects,  that  one  half  of  the  tube  is 
charged  positively,  tho  other  half  negatively ;  and  that  between  the 
two  there  is  a  neutral  zone,  showing  no  signs  of  charge  whatever. 
By  attaching  a  little  condenser,  e.  g.  a  thunderplate,  to  one  terminal 
or  to  the  other,  the  impulses  at  that  terminul  become  so  toned  down 
that  tho  neutral  zone  is  brought  nearer  to  the  attached  terminal,  in 
proportion  to  the  capacity  of  the  condenser.  If  either  of  tho  terminals 
bo  connected  to  earth,  the  neutral  zone  is  brought  close  to  the  con- 
nected terminal ;  i.  e.  the  tube  is  charged  throughout  with  electricity 
of  the  opposite  name. 

It  will  have  been  noticed  that  through  those  processes,  whether 
relief  or  special,  whether  positive  or  negative,  when  sufficiently 
energetic,  the  discharge  is  severed  into  two;  although  tho  exact  con- 
figuration near  tho  point  of  scTcrance  differs  in  the  various  cases. 
In  other  words,  tho  tnbe  boa  been  divided  into  two  parts,  each  of 
which  presents  tho  features  of  a  complete  dischargo.  Now,  if  this 
process  be  repeated  at  several  points  on  the  tube,  the  discharge  will 
be  subdivided  into  as  many  smaller  but  complc(e  discharges  as  there 
are  points  of  contact  or  of  relief,  tho  negative  terminal  itself  being 
counted  as  one.  These  being  snffioiently  numerous,  or  at  all  events 
sufficiontly  near  together,  we  have  a  complete  artificial  production  of 
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the  phenomena  of  striation.  By  this,  as  well  as  by  many  other  ex- 
periments, we  have  been  led  to  the  oonclnsion  that  a  stria  with  its 
attendant  blank  spaoe  is  the  physical  unit  of  a  striated  discharge,  and 
that  a  striated  colnnin  is  an  aggregate  of  snch  unities  formed  by  a 
Btep-by-8tep  i)rooc88,  the  general  character  of  which  is  indicnte<l  in  our 
intermittent  discharges.  To  complete  this  view  of  the  caso,  it  would 
not  bo  difficult  to  show,  for  wo  hove  made  many  experiments  on  the 
■ubjeot,  that  the  so-called  negative  glow  is  merely  a  stria  localized  in 
position  and  modified  in  form  by  the  solid  terminal  to  which  it  is 
appended.     We  have  on  this  account  called  it  an  anchored  stria. 

One  of  the  most  important  consequences  following  from  these 
experiments  is  that  the  discharges  at  the  two  terminals  are  in 
general  iudciKindent  of  one  another,  excepting  as  regards  the  source 
from  whence  they  come ;  and  that  each  is  primarily  determined  by 
the  oon<litions  at  its  own  terminal,  and  only  in  a  secondary  degree,  if 
•t  all,  by  the  conditions  which  subsist  at  the  opposite  terminal.  And 
since  the  discharges  are  not,  at  all  stages  of  their  entire  duration 
(brief  though  it  be),  noocssarily  identical  at  both  terminals,  the  tube 
will  contain  charges  of  free  electricity  at  different  times.  A  tube, 
therefore,  during  the  passage  of  a  discharge,  is  in  no  respect  like  a 
conductor,  but  is  an  independent  electrical  system,  having  an  action 
very  similar  to  that  of  an  air  vessel  in  a  forcing  pump. 

This  independence  of  action  at  each  terminal  may  be  illustrated 
by  connecting  only  one  of  the  conductors  of  the  machine  with  one  of 
the  terminals  of  the  tube,  in  which  case  a  unipolar  discharge  will  be 
Ken  to  enter  the  tube ;  and  unless  it  be  strong  enough  of  itself  to 
leach  the  opposite  terminal,  or  at  all  events  within  a  range  of  it 
equal  to  a  blank  space,  it  will  return  and  find  exit  by  the  way 
by  which  it  came.  By  connecting  the  two  terminals  of  the  tube  with 
one  conductor  of  the  machine,  a  double  unipolar  discharge  will  be 
produced,  the  two  extremities  of  which  wUl  be  found  to  be  mutually 
repulsive.  We  have  not  now  time  to  enter  into  the  differences 
between  positive  and  negative  unipcdar  discharges;  but  it  will  bo 
■niBcient  at  present  to  remark  that  they  each  have,  and  maintain 
tltronghont  tneir  existence,  the  characteristics  which  belong  to  them 
respectively  when  they  form  portions  of  the  complete  discharge. 

Thus  far  our  attention  has  been  mainly  directed  to  the  phenomena 
displayed  by  the  column  of  luminosity  connected  with  the  positive 
terminal.  The  phenomena  appertaining  to  the  negative  terminal 
are,  however,  not  less  important,  as  the  beautiful  experiments  cf 
Mr.  Crookca  have  abundantly  shown.  But  in  order  to  study  these 
negative  phcnmncna  with  advantage  we  mii.<)t  carry  our  exhaustion,  as 
he  haa  done,  Ut  a  much  higher  degree  than  in  the  tubes  hitherto  used. 
As  tiie  exhanstion  proceeds,  the  positive  column  gradually  shortena, 
and  ultimately  shrinks  into  insignificance,  while  the  diaoharge  from 
the  negativo,  itself  non-luminous,  causea  a  continual  projection  of 

rtona  particlea  from  the  stufaooof  the  terminal,  which  impinge  upon 
glaas  with  snfBcient  violence  to  caoae  phosphoreaoeooe.    Thaae, 
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ftldiongh  kppuenUy  no  part  of  tho  discharge  proper,  as  Mr.  Croolfl 
oxporimonU  with  a  magnet,  aiid  others,  seem  clearly  to  ehow,  are  ■ 
rariable  aooompauimejits  of  it ;  and  br  means  of  them  wc  mav  hope 
to  loam  nomothing  of  the  circamstances  of  the  discharge  in  higher 
hnaooa.     Now,  although  those  molocnlar  stroama  become  more  pro- 
minent  as   the  exhaustion   proceeds,    and   as    the   positive   column 
Mtuks  into  inaiguificancc,  it  is  important  to  show  that,  in  one  form  or 
another,  they  may  lie  present  in  discharges  at  all  pressures ;  and  for 
this  jiurpose  it  is  neoeaaaiy  only  to  increase  tho  violence  of  the  dis- 
charge, by  increasing  the  length  of  the  air-  Bi>ark  employed.    The  effect 
lit  at  onoe  shown  by  the  appearance  of  phosphorescence  in  the  neigh- 
twnrhood  of  the  negative  terminal,  and  by  tho  relief  discharge  from 
the  finger  with  a  positive  air-spark.     But  not  only  so,  tho  phenomena 
of  material  streams  issuing  from  tho  negative  terminal  ore  not  confined 
to  the  molecules  of  gas,  but  are  also  exhibited  by  particles  of  finely- 
I  divided  solid   matter,  such    as  lamp-blaok,   when  heaped  over  that 
'  terminal.     Witli  those,  relief  and  special  effects,  analogous  to  those 
found  in  gaseous  streams,  may  be  sliown. 

Having  thus  lauuche<l  ourselves  into  the  region  of  high  vacuo,  it 
■is  nnmnnarj  to  show  that,  notn-ithstandiug  tho  absence  of  the  positive 
'  eolnmn,  positive  and  negative  air-sparks  give  rise  to  positive  and 
negative  charges  on  the  tube,  exactly  as  in  lower  vacua. 

For  this  purpose,  it  will  bo  best  to  make  use  of  a  second  tube 
carrying  a  current,  as  a  tost,  or,  as  we  have  called  it,  a  standard  tvMo, 
By  connecting  the  outaido  of  the  tube  to  be  tried  with  that  of  the 
standard  tube,  and  by  observing  tho  effect  of  the  one  upon  the  other, 
we  can  immediately  determine  the  nature  of  the  discharge  passing 
through  the  tube  under  examination.  It  is  then  found  that,  with  a 
positive  air-spark  a  positive  discharge,  and  with  a  negative  air-spark 
a  negative  discharge,  passes  from  one  end  of  the  tube  to  tho  other,  in 
high  exactly  as  in  low  vacua. 

In  order  to  be  quite  clear  as  to  the  sonroe  of  the  molecular 
streams  which  cause  the  phosphorescence  in  the  relief  effects  with  a 
positive  air-spark,  tho  following  should  be  mentioned  : — If  any  solid 
object,  such  as  a  piece  of  wire,  should  l)o  present  in  the  tube  below 
tho  point  of  contoct,  it  will  cast  a  shadow  on  the  phosphorescence, 
precisely  as  in  Crookes'  exporiments  with  the  streams  from  the  nega- 
tive terminal.  If  there  be  two  {wints  of  relief  contact,  tho  same  object 
will  throw  two  shadows,  in  directions  conformable  with  radiations 
from  coch.     To  these,  other  experiments  might  be  added. 

A  determination  of  the  precise  directions  in  which  these  molecular 
streams  issue  from  a  relieving  surface  is  not  a  very  simple  problem ; 
and  we  must  here  content  ourselves  with  showing  that,  in  tho  case  of 
intermittent  discharges  at  least,  tho  streams  do  not  issue  normally.  If 
a  strip  of  tinfoil  placed  along  the  tube  be  used  as  a  relieving  surface, 
the  phosphorescence  takes  the  form  of  a  sheet  wrapped  round  the 
tube ;  if  tho  strip  be  wrapped  round  the  tube,  the  phosphorescence 
takes  the  form  of  a  sheet  laid  along  tho  tube.     If  contact  be  mode 
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with  tho  finger  over  a  finite  sorface,  or  by  a  ring  of  wire  laid  oloeo  upon 
the  tube,  the  phosphorcsconcc  takes  the  form,  approximately,  of  the 
erolnte  of  an  ellipse.  In  all  these  oases  the  illumiiiatiun  is  somewhat 
irregular ;  but  tho  geometrical  elements  of  wLicli  the  phosphorescent 
figure  is  composed,  and  tho  stripes  or  striations  of  more  intense  light, 
are  always  formed  at  right  angles  to  the  lunger  dimension  of  the 
contact  piece.  This  being  so,  suppose  that  we  place  on  tho  tube  a 
strip  in  snch  a  curve  that  the  normal  planes  to  tho  curve  will  pass 
through  the  tangent  at  the  corresponding  point  of  the  imaije  of  the 
curve,  i.e.  the  curve  on  the  opposite  side  of  tho  tube,  each  point  of 
which  is  exactly  opposite  to  a  point  on  tho  tinfoil.  In  such  a  case, 
all  the  striations  will  lie  along  the  curve  formed  by  tho  locus  of 
tho  central  patches  of  phosphorescence,  and  the  result  will  be  a 
single  bright  curved  line  of  phosphorescence  without  any  spreading 
out  or  striated  margin.  Tho  curve  fulfilling  these  conditions  will  bo 
a  helix,  whose  pitch  is  half  a  right  angle.  Experiment  confirms  the 
anticipation. 

One  more  step  in  tho  study  of  these  molecular  streams  is  necessary 
for  our  present  purpose,  namely,  an  application  to  them  of  the  same 
method  which  we  have  used  with  the  electrical  discharges  them- 
selves ;  viz.  we  must  examine  the  effect  of  an  inductive  stroim  pro- 
dnoed  ab  extra  upon  a  direct  stream  duo  to  the  discharge  inside  tho 
tabe.  These  cfllects  may  bo  described  generally  as  the  interference 
of  mohevlar  ftreamt. 

If  tho  finger  be  placed  upon  a  highly  exhausted  tube  through 
which  a  discharge  with  a  positive  air-s]>ark  is  passing,  the  phospho- 
ice  due  to  tho  molecular  streams  from  the  negative  terminal  is 
to  fade  away  from  the  place  where  tho  finger  rests,  and  from  a 
region  lying  thence  in  tho  direction  of  the  positive  terminal.  The 
effect  is  that  of  a  shadow  over  that  part  of  the  tube ;  and  as  this  is 
produced  not  by  any  real  intervening  object,  bat  by  an  action  from 
outside,  we  have  termed  it  a  virtual  ahadoic.  Tho  phonomeuon  is  due 
to  a  boating  down  of  the  streams  of  molecules  coming  from  the 
negative  terminal,  by  the  transverse  streams  from  tho  side  of  the  tube 
immediately  within  the  part  touched. 

The  interference  of  two  molecular  streams  may  bo  further  illus- 
trated by  a  variety  of  experiments ;  and  in  particular  by  arranging 
within  tho  tube  a  conductor  of  some  rocognizablo  form — say  skeleton 
tetrahedron.  If  the  tube  bo  touched  at  a  place  opposite  to  this 
object,  a  shadow  of  the  latter  will  bo  formed  in  the  relief  phoepho- 
iMcenoe;  bat  if  the  tube  be  touched  also  at  a  point  on  which  the 
conductor  rests,  the  shadow  will  bo  splayed  out  in  a  striking  manner. 
This  splaying  or  bulging  of  the  shadow  is  due  to  the  interference 
of  tho  molecular  streams  issuing  from  tho  surface  of  tho  conductor, 
which  then  acts  as  a  quasi  negative  terminal,  with  the  original  relief 
■twims  issuing  from  the  first  point  of  contact. 

A  still  more  striking  instance  of  the  interference  of  the  molecular 
■traams  will  occur  if  the  tube  be  furnished  with  an  intermodiate 
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terminal  in  the  form  of  a  cone  set  transrenelj  to  the  ftzis.  If  tk 
b^be  be  then  touobol  at  a  point  opposite  to  the  cone,  a  patch  of  relic 
iBhoaphoresoence  will  lie  fiinnod  round  the  root  of  the  terminal  ii 
iqnoBtion  :  but  the  patch  will  havo  a  (lark  circular  centre,  doe  to  th 
actiun  of  the  cone  as  a  Bhield  against  the  molecular  streams.  L 
[  howeTer,  the  terminal  itself  bo  at  the  same  time  touched  by  a  con 
I  duotor,  it  also  will  shed  laolocular  relief  streams,  which  will  interfer 
,  with  thoee  first  mentioned,  and  will  greatly  inoreaso  the  siae  of  tb 
circular  dark  patch. 

We  now  come  to  the  ultimate  question  that  we  have  proposed  fo 
this  evening,  viz.  the  small  time-quantities  involved  in  the  dischargi 
And.  in  tlio  first  place,  it  must  be  understood  that  the  whole  dnratioi 
of  the  visible  discharge  is  oomprisud  within  a  period  of  which  tb 
L  most  rapidly  revolving  mirror  has  ])oou  incompetent  to  give  an^ 
sooonnt.  It  may  bo  in  the  recollection  of  some  of  my  audience  tha 
when  the  discharge  from  my  great  Induction  coU  was  exhibited  ii 
this  theatre  with  tubes  on  a  revolving  disk,  the  discharge  showed  I 
durutioual  character  as  long  as  the  coil  alone  was  nsed ;  but  as  sooi 
Bs  a  Leydcn  jar  was  introduced,  which  was  in  the  main  equivalent  U 
I  ta  air-spark  in  a  continuous  current,  the  durational  character  di^ 
appeared,  and  notliing  was  visible  but  a  briglit  line,  the  width  oi 
which  depended,  not  upon  the  duration  of  the  discharge,  for  no  velo- 
city of  rotation  in  any  way  affected  it,  but  only  on  the  width  of  th« 
slit  through  which  the  dischargo  in  the  tube  was  seen.  But,  uotwith- 
Btaudiug  the  extreme  rapidity  with  which  the  discharge  is  effected, 
our  expcrimeuts  have  already  shown  that  the  spark  or  discharge  is  i 
.  complicated  pbenomeuou,  the  various  parts  of  which  take  place  in  a 
certain  order  or  sequence  of  time ;  and  timt  in  virtue  of  this  sequence 
we  havo  succeeded,  at  the  various  pressures  comprised  within  our 
range,  in  affecting  and  mwlifying  it  in  transitu.  This  suggested  the 
idea  that,  although  the  subject  is  surrounded  with  difficulties,  it 
might  still  bo  possible  to  form  some  relative  estimate,  at  all  events, 
of  the  time  occupied  by  the  various  parts  of  which  the  whole  pheno- 
menon is  composed.  And  in  fulfilment  of  this,  the  following  are 
some  of  the  conclusions  to  which  we  havo  been  led. 

The  lime  occupied  in  the  pamage  of  elcclrifiti/  of  either  name  along  the 
tube  ii  greater  than  that  occupied  in  its  passage  ahmg  an  equal  length  of  wire. 
This  may  be  shown  by  connecting  metallicnlly  a  piece  of  tinfoil 
near  the  air-spark  terminal  with  another  near  the  di-t.mt  terminal; 
for  it  is  then  seen  tliat  the  former  derives  as  much  relief  as  if  the 
latter  were  not  on  the  tube.  This  shows  (1)  that  at  the  time  when 
the  electric  disturbance  reached  the  nearer  piece  of  tinfoil,  the  more 
dLstant  piece  was  unaffected,  and  (2)  that  the  disturbance  propagated 
along  the  wire  reached  the  second  piece  before  the  arrival  of  the  same 
disturbance  propagated  within  the  tube. 

The  negative  discharge  occupies  a  period  greater  tJian  that  required  by 
the  particles  composing  the  molecular  streams  to  traverse  the  length  of  the 
tube,  but  comparable  with  it. 
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Proofs  of  this  proposition  are  to  be  foand  in  the  phenomena  of  rir- 
tnal  shadowg,  and  in  other  instances  of  the  interference  of  molecular 
Btreams ;  but,  omitting  detailed  experiments,  the  general  argument  on 
vrhich  the  above  conclusion  is  based,  is  as  follows :  If  two  molecular 
■treams,  one  issuing  with  positive  relief  from  the  side  of  the  tube,  the 
other  coming  from  the  negative  tormiual,  bIiow  signs  of  interference, 
it  is  dear  that  the  former  of  these,  which  certainly  started  first,  must 
have  continued  to  flow,  at  all  events,  until  the  arrival  of  the  latter. 

TAe  time  occupied  by  the  pasiatje  of  electricity  of  either  name  along 
the  tube  is  incomparably  shorter  than  that  occupied  by  the  emistion  of  the 
mtoUcular  Mtreams,  or  {what  it  the  game  thing)  the  lime  occupied  by  the 
megative  discharge. 

In  support  of  this  conclusion,  we  have  time  only  for  a  single 
experiment ;  and,  although  it  is  hardly  adapted  for  lecture  pur- 
poaos,  it  is  so  curious  an<}  important  that  I  will  venture  upon  it,  in 
the  hope  that  it  may  be  visible  to  at  least  some  of  the  audience.  If 
two  pieces  of  tinfoil  connected  by  a  wire  be  placed,  one  near  the 
negative,  the  other  near  the  positive  end  of  a  tube  through  which  a 
negative  discharge  with  a  rather  long  air-spark  is  passing,  the  former 
will  show  relief  (positive)  effects,  the  latter  special  (negative)  effects ; 
but  no  phnsphoresccace  will  be  caused  at  the  latter,  however  long  the 
air-spark  used.  When  the  second  patch  is  lifted  off  the  tube  and 
placed  upon  another  through  which  no  current  is  passing,  phoepho- 
Nsconoe  is  immediately  produced.  The  explanation  of  this  appears 
to  be  as  follows :  The  negative  electricity,  bursting  into  the  tube, 
sniiunons  all  the  positive  which  it  can  draw  from  the  tinfoil.  This 
is  answered  so  promptly,  that  the  second  patch  gives  up  to  the  first 
through  the  medium  of  the  wire  all  the  positive  that  it  can  yield,  or, 
which  is  the  same  thing,  draws  off  from  the  first  all  the  negative 
that  it  can  obtain ;  and  tliis  is  done  before  the  advancing  negative 
naohes  the  distant  patch.  But  so  rapidly  does  the  negative  advance, 
that  it  roaches  the  distant  putoh  before  the  molecular  streams  have 
bad  time  to  flow  from  the  latter  in  a  sufficient  stream  to  ])roduco 
phosphorescence  ;  and  it  roaches  it  in  time  to  rcroke  the  supply  of 
positiTe  to  the  nearer,  and  to  draw  back  the  supply  of  negative  which 
Would  have  come  to,  and  with  it  the  molecular  streams  which  would 
otherwise  have  flowed  from  the  further  patch.  Wlien  the  second 
I  iiatch  is  placed  on  an  iiidepondent  tube,  where  no  such  revocation 
IS  possible,  phosphorescence  actually  apjicars,  showing  tbot  the  revo- 
cation is  no  mere  supposition,  but  a  real  phenomeDon. 

From  the  last  two  laws,  it  follows  as  a  consequence  that  Negative 
fc.slscO  ieity,  and  therefore  alto  electricity  of  either  name,  in  the  tube  out- 
nmt  the  wtoUcular  $tream$. 

These  remarks  will  give,  at  all  erents,  some  idea  of  the  conolusinna 

to  which  the  present  method  has  led,  and  of  the  reasoning  upon  which 

^  those  coDolnaions  are  based.     Dut  the  isaoos  of  these  time-qnantities 

do  not  begin  or  end  with  the  mere  estimation  of  their  relative  magni- 

tados ;  thej  snggost  questions  about  the  time  of  formation  of  a  positive 
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lominositj,  or  stria,  and  of  a  blank  spaco — not  ncceesarily  identic 
although  currelativo  quantities  ;  they  suggest  that  the  brilliancy 
light,  with  Bu  little  nttcndaut  heat,  may  be  duo  not  only  to  f 
sLght  density  of  the  mediom,  but  also  to  its  brevity  of  duratic 
they  suggest  that,  fur  action  of  such  rapidity  as  that  of  indiridi 
discharges,  the  mobility  of  the  medium  may  count  as  nothing,  ■ 
that  fur  these  infinitesimal  periods  of  time  gas  may  itself  be  as  ri| 
and  as  brittle  as  glass.  Time  is  an  element  in  all  mechanical  actic 
and  the  converse  of  such  brittlencss  ia  not  nnkuown  in  experime 
where  substances,  for  all  practical  purposes  hard  and  uncoufonual 
have  under  the  long-continued  action  of  gravity,  or  of  even  modet 
preMore,  proved  viscous  and  self-adapting  in  form. 


"  Quid  DiBgu  eei  dunim  euuco,  qui<l  mnlliiu  unda  7 
Dura  tamen  iiuiUi  aaxa  oavautur  aqua." 


[W.S 
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WEEKLY  EVENING  MEETING, 

Friday,  May  28,  1880. 

Wabre?  De  La  Eub,  Esq.  M.A.  D.C.L.  F.R.8.  Secretary  and 
Vicc-PreBident,  in  the  Chair. 

FaAsciB  HusFriiB,  Esq. 

Musical  Criticism. 

Thx  lectnrer  prcsnmed  his  audience  wore  in  a  certain  sense  mnsical 
critioB,  bnt  he  would  not  say  they  were  good  critics,  for  if  they  were, 
there  would  be  no  need  for  those  persons  who  made  mnsical  criticism 
■  prufoEsion,  and  nndertuok  to  tell  the  public  what  they  should  aud 
what  they  should  not  like.  There  wore  many  functions  of  criticism 
which  they  wore  infinitely  better  able  to  fulfil  than  any  writer.  In- 
deed, if  the  public  only  had  courage  to  show  what  they  thought  of  a 
singer,  player,  or  compoEcr,  in  spite  of  the  reputation  he  might  have 
established  in  foreign  parts,  a  great  many  things  would  be  impossible 
which  now  might  be  witnessed  every  day. 

However  much  weight  a  criticism  might  have,  judicious  applause, 
or  hissing,  or  significant  silence  was  much  more  felt  by  performers. 
Bat  in  our  moderate  clime  both  cousurc  and  unthuBiusm  seldom  ex- 
ceeded certain  limits.  Foreign  singers  coming  to  this  country  never 
failed  to  praise  our  kindness,  and  from  a  sentimental  point  of  view 
there  was  nothing  more  satisfactory.  Bnt  audiences  ought  to  remember 
that  every  time  they  applauded  inconipctt^ncy  or  mctliocrity  they  in- 
Btilted  trne  merit.  When  foreign  singers  praised  our  kindness  they 
perhaps  often  meant  our  i^uomnoe. 

Culpablu  leniency  had  led  to  the  establishment  of  fixed  customs, 
one  of  which  was  the  Encore  niiiiuince.  At  a  ballad  concert  this 
little,  apart  from  the  fiict  that  most  entertainineuts  of  that 
wen  mnoh  too  long  without  such  rc|)Ctition8.  It  was  much  less 
acnaablo  to  r«pe«t  a  single  movement  of  a  sonata  or  a  symphony,  for 
that  implied  a  want  of  reverence  towards  the  com^Miscr.  A  sonata  or 
■ymphoiiy  was  an  organism  the  component  parts  of  which  were  care- 
fully lialanccd  by  the  writer  to  priMluce  a  harmonious  impression.  If 
of  the  movements  was  repeated,  this  was  naturally  digtiirl>cd.  The 
ife  nnisanco  was  even  more  insuflforablo  in  an  o])era.  Mr.  Hneffer 
tJonod  striking  instanooa  of  the  impropriety  of  scenes  being 
npeated  and  artist«  being  recalled  to  the  stage.  Repetitions,  he  said, 
mro  nofmir  towards  the  {wrformets,  and  if  thny  know  thoir  inter«at 
llMjr  wonld  Dorer  oomply  with  the  nqoMt.    It  waa  well  known  Ihal 
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•ingon  bad  to  atndy  beforehand  every  geetoie  and  every  move 
Yet  tboao  had  to  ap]>e(ir  as  the  Bpoiitanooos  action  of  tbo  mo 
called  up  by  the  itupiratiou  of  the  moment,  and  without  this  illd 
tbo  dramatic  elloct  was  destroyed.  All  this  ceased,  however,  1 
repetition,  and  wo  were  lot  into  the  secret.  The  actors  appeara| 
longer  aa  free  agents,  but  as  marionettes  pulled  by  strings.  J 

The  lecturer  then  proceeded  to  speak  of  the  Profeitional  Q 
saying  that  his  task  was  that  of  an  Interpreter  as  well  as  a  Col 
In  the  former  capacity  ho  was  the  coQDccting  link  betweeal 
aspiration  of  the  artist  and  the  receptivity  of  the  public.  It  mi^ 
supposed  that  the  original  inborcnt  force  of  art  would  strike  any 
of  itself.  No  doubt  in  its  simplest  form  art  would  do  so,  but  it 
also  a  growth  of  ages  and  the  result  of  many  minds.  Ma 
compositions,  as  well  as  literary,  belonged  to  different  periods^ 
contemporaries  frequently  failed  to  recognize  genius.  In  all  i 
groat  composers  met  with  exactly  tbo  same  objections — one  too^ 
Philistinism  made  the  whole  world  kin.  Here  the  sphere  of  the  » 
came  in  to  herald  genius  and  pave  its  way. 

After  referring  to  the  musical  critic's  difficulty  in  making  hisi 
known,  music  not  being  reducible  to  words,  Mr.  Ilucffcr  said  a  o 
must  not  be  too  technical  or  too  poetical.  Schumann  was  ineta) 
as  one  who  hit  a  happy  medium  in  his  criticisms,  and  it  was  mentil 
that  ho  was  one  of  tbo  fii-st  to  recognize  the  merits  of  Chopin,  Bet 
and  William  Sterudalo  Bennett.  Writers  of  music  were  not,  hovn 
tbo  best  critics,  and  when  Schumann  became  a  great  composer, 
the  head  of  a  sohool,  he  lost  much  of  his  catholicity  of  judgment. 

Many  musicians  spoko  of  their  predecessors  with  soorn.  A  | 
original  creator  was  neoi-ssarily  a  man  of  very  marked  stamp, 
strongly  impressed  with  his  own  idea,  and  therefore  he  hod  ] 
sympathy  with  others  of  oqually  strong  individuality. 

The  other  office  of  the  musical  critic  was  that  of  Censor 
General  Monitor.  That  was  a  very  disagreeable  one,  because 
irritable  race  of  musicians  did  not  liko  to  be  censured.  Critic 
fact,  were  held  responBible  not  only  for  their  own  sins,  but  foi 
sins  of  their  predecessors  for  five  generations  before  them.  A 
levelled  at  Beethoven  seventy  years  ago  by  some  obscure  scrifa 
Vienna  or  Leipsio  was  continually  citoil  by  diwaatisfied  young  < 
posers  to  show  what  musical  criticism  in  gonoral  was  worth.  T 
were,  of  course,  good  and  bad  musical  critics ;  those  guilty  of  the  m 
alluded  to  were  no  doubt  bad  ones,  either  intentionally  pervers 
hopelessly  stupid.  So  at  least  one  would  think  but  for  the  cui 
fact  that  one  of  the  most  violent  critics  was  Wobor,  the  compose 
*  Der  Freischutz,'  who  bitterly  attacked  Beethoven.  Weber,  howt 
was  a  very  young  man  at  the  time,  and  subseqtieiitly  was  ashamei 
his  own  folly.  Those  who  had  judgmout  to  discern  and  courag 
declare  new  genius  were  almost  as  rare  as  that  genius  itself.  But 
there  had  been  such  men  at  all  times  was  proved  by  the  fact  that 
great  oomposers  became  famous  frequently  during  life,  or  at  1 
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ehortlj  afterwards,  and  not  only  in  their  own  land,  but  far  away, 
where  only  tho  press  could  carry  their  fame. 

English  critics  wore  not  ill-naturod,  but,  on  the  contrary,  like  the 
non-professional,  were  much  t«M)  lonient.  One  writer  longed  for 
syuoiiyms  for  the  word  "charming,"  so  often  did  he  use  it,  and 
another  prided  himself  on  being  able  to  write  an  entire  column 
without  committing  himself  to  any  opinion  whatsiwver.  But  critics 
should  ui>t  speak  like  the  cutinoisseur  in  Goldsmith,  who  said  that  a 
picture  was  good,  but  would  hnve  been  better  bad  the  painter  taken 
more  pains.  The  critic,  at  nil  huzurds,  should  speak  decidedly.  If 
artists  tbonght  themselves  ill-usad  they  could  appeal  to  the  supreme 
tribunal,  the  public.  The  public  could,  and  should,  applaud  in  Hpite 
of  what  they  read  in  tho  newspai)er8  if  they  thought  there  was  unjust 
treatment 

Mr.  Hneffer  ooncluded  by  saying  that  there  had  been  a  great  rise 
ia  mosioal  taste  of  late  in  this  country,  caused,  perhaps,  by  the  efforts 
of  oonaoientions  writers  who  treated  musical  matters  in  the  press.  To 
improTa  matters  further,  and  eradicate  evils  which  still  existed,  lay 
with  the  publia  They  must  study  earnestly,  and  insist  that  those 
who  spoke  to  them  in  print  should  speak  competently  and  con- 
■cicntionsly.  In  that  case  English  musical  criticism  would  soon  be 
what  political  criticism  in  English  journals  now  was — the  first  in  tho 
world. 
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Ornament. 


nl  may  be  dofinod  m  including  all  artistic  design  which 
of  snfficicnt  interest  or  expressive  power  to  hare  independent  vt 
in  itself,  but  which  is  added  to  some  object  to  give  to  that  object 
interest  or  beauty  which  it  would  not  otherwise  possess.  Thus 
conventional  foliage  design  which  covers  the  Greek  vase  (Fig.  L 
UJustrationB)  is  ornament ;  but  the  delineations  of  human  figt 
arranged  in  a  oiutinuous  composition,  which  are  often  found  on 
body  of  such  a  Greek  voee,  t-amiot  be  classed  as  ornament ;  the]) 
figure  drawings  ui>on  a  vaso,  but  tliey  possess  sufficiently  high  an! 
power  and  oxprcssiveucss  to  bo  of  independent  interest,  npon  what* 
surface  they  might  be  drawn.  Japnuese  trays  and  other  objects  o' 
display  beautiful  drovviugs  of  birds  and  fishes,  or  grotesque  atten 
at  landscape  ;  but  neither  the  birds,  however  beautiful,  nor  the  k 
scapes,  however  preposterous,  are  ornament ;  tliey  are  picture^ 
which  the  tray  forms  the  groundwork  and  the  frame. 

Ornament,  therefore,  is  not  au  independL'nt,  but  a  relalice  art 
is  always  an  appendage  to  soisethiug  else,  something  which  cc 
exist  and  could  be  of  equal  practicul  value  i\-ithout  it,  but  to  whicl 
imparts  an  added  grace  und  vivluc.    It  ia  must  important  to  beat 
mind  this  relative  condition  of  orunmeut  iu  forming  a  true  critic 
of  the  art,  siuco  it  is  evident  thnt,  in  accordauco  with  this  defitiiti 
ornament  cannot  bo  rightly  judged  of  except  iu  relation  to  the 
ciunstonces  in  which  it  is  used,  and  its  suittibility  to  its  position  i 
to  the  uses  of  the  object  in  connection  with  which  it  is  found.     A 
if  wo  consider  the  nature  of  this  relation  of  oniamcnt  to  its  circu 
stances,  wo  shttU  find  that  wo  may  broadly  divide  all  ornament, 
this  respect,  into  two  classes,  which  we  may  call  respectively  turf, 
ornament,  the  object  of  which  is  to  give  interest  to  and  divers 
surfaces  that  would  otherwise  appear  blank,  and  functional  oriiami 
the  object  of  which  is  to  emphasize  special  features  and  assist 
expressing  their  fnuction  or  their  relation  to  tlie  whole.     Thus  1 
Arabic  fret  (Fig.  9)  is  a  specimen  of  mere  surfiico  ornament,  whi 
might  be  carried  over  any  extent  of  surface,  merely  to  break  it  up  k 
relieve  it;  while  the  vortical  and  horizontal  fiutings  of  the  Ionic  colon 
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and  its  baae  (Fig.  13)  aro  functioual  ornament,  intended  to  emphasize 
raapectiToly  the  vorticality  of  the  column  and  the  horizoutality  of  the 
baae  or  bed-plato  on  which  it  rests,  and  to  give  a  greater  ap)icarauce 
of  strength  in  each  direction ;  and  the  flutiugs  have  uo  meaning,  and 
hardly  any  beauty,  except  in  connection  with  this  functional  exprcs- 
siveness.  The  trne  office  and  value  of  functional  ornament  of  this 
class  may  be  illustrated  by  comparing  this  figure  with  the  sketch  uf  a 
fragment  of  a  column  (Fig.  18)  preserved  in  Home,  where  the  column 
has  been  ornamented  with  carved  foliage  irregularly  disposed  over 
the  surface,  and  not  only  adding  nothing  to  the  expression  of  strength 
in  the  column,  but  positively  injuring  this  expression  by  producing 
an  irregular  and  ragged  outline  in  place  of  the  strong  clean  line  of 
the  pore  classic  column.  The  man  who  did  this  probably  thought 
he  was  doing  a  very  picturesque  and  piquant  thing,  but  in  reality  ho 
was  destroying  all  the  sinew  and  muscle  of  the  architcctorc,  by 
placing  ornament  on  it  in  such  a  way  as  to  be  only  a  falsity  and 
an  impertinence. 

In  regard  to  surface  ornament,  there  is  not  so  severe  a  logic  to  be 
obeorrod ;  what  is  required  is,  that  it  should  not  in  any  way  oou- 
tradiot  or  falsify  thu  rva]  nature  of  the  surface  to  which  it  is  applied, 
that  it  should  be  suitable  to  the  material  in  which  it  is  oxccute<t,  and 
in  most  eases  that  it  should  have  an  obvious  relation  to  the  shape  and 
eacte&t  of  the  surface  which  it  occupies,  and  appear  as  if  designed  on 
pnrpoM  to  fill  that  space   Tliis  hitter  demand  may  indued  be  ignored 
ia  Um  ease  of  simple  repetition  or  diaper  ornaments,  which  have  little 
or  DO  expressiveness  in  themselves,  and  merely  serve  to  prevent  the 
Mn^Mje  looking  quite   blank:    such   an    ornament   as   Fig.    11,   for 
instenoo,  if  used  on  a  small  scale,  might  rcosonaljly  bo  treated  as  a 
mere  diversification  of  surface,  and  cut  off  by  the  bounding  lines  of 
the  qMtoe  without  any  special  reference  to  its  own  configuration.    But 
with  surface  ornament  of  a  higher  and  more  elaborate  nature  it  is 
necessary  to  its  satisfactory  effect  that  it  should  appear  to  be  designed 
lor  the  place  it  occupies      In  most  Greek  ornament  this  is  the  case : 
ia  Um  rase,  Fig.  14,  the  repeated  ornaments  round  the  rim  and  the 
■ppar  and  lower  part  of  the  bowl  may  be  regarded  as  to  some  extent 
functional,  emphasizing  the  important  parts  of  the  construction  of 
tlio  objccL,  but  the  foliage  ornament  is  purely  superficial,  and  while 
freely  handled,  it  is  at  the  same  time  carefully  arranged  so  as  to  fill 
Ibe  space  evenly,  aud  the  central  line  of  the  ornament  is  mode  co- 
iaaideot  witli  the  (lONition  of  the  handle,  the  space  ouoloeed  beneath 
Iba  hsDiilo  being  Kpeciolly  filled  by  a  leaf  arranged  to  suit  it.     A 
Japaaoso  artist  would  have  drawn  the  foliage  without  any  regard  to 
Iho  handle,  and  carried  some  of  the  loavos  irregularly  over  it,  as  if 
by  sooiilent ;  and  this  sort  of  rulo-of-thumb  orriainont  is  very  much 
■omired  at  present,  its  novelty  and  a]>i)arrnt  piquancy  having  made 
it  a  Cuhion ;  but  it  is  certainly  inferior  in  logical  and  liutiiig  intt-'rest 
lo   the   Ureok   priuoiplo   of  ortuuuouting   with   dinrt   and    obvious 
I  to  the  spaoo  to  be  Ailed,  or  to  the  coostructiou  of  the  objuot 
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omminent«d.  The  treatmeDt  of  a  Japanese  plate  indicated  in  Fig.  i 
where  the  >ar£M:e  is  irregularly  divided  into  blao  and  white,  and  ai 
sprigs  are  thrown  on  at  one  side,  may  rather  be  described  as  splaali 
•  thing  than  ornamenting  it ;  and  still  worse  is  the  framework  fig 
■oreeu  (Fig.  24),  where  foliage  ornament  is  carried  irregularly  ol 
the  bars  and  over  their  angles  from  one  face  to  another,  str 
about  iiuito  independently  of  the  form  and  constroctiun  of  the  ofa 
And  even  our  Qroek  friend  seems  to  have  missed  a  point  in  his  ' 
for  the  strongest  as  well  as  the  most  important  point  on  the 
the  Tase  is  that  where  the  handle  springs  from  the  snrface,  and 
ho  has  ignored  in  his  ornament.  If  ho  had  applied  the  same  styl 
ornament  somewhat  as  in  Fig.  16,  emphasizing  the  base  of  the  haai 
by  two  or  three  strong  lines,  and  causing  the  rest  of  the  omaroenti 
arise  and  develop  from  that  point  (leaving  bare  the  part  of  the  ha 
that  is  to  be  grasped,  for  there  omamont  would  be  misplaoedj 
would  then  have  produced  the  same  deoorative  effect  in  a  i 
would  at  the  same  time  have  emphasized  the  most  importanii 
on  the  surface  of  the  vase,  and  would  have  caused  the  omamcnl| 
appear  as  manifestly  intended  for  that  special  place  and  for  no  otj 
As  it  is,  the  hose  of  the  handle  is  the  weak  point  in  the 
whereas  it  ought  to  bo  the  strong  one. 

When  we  pass  from  the  question  of  the  application  of  ornament  to  ( 
consideration  of  the  actual  forms  of  ornament  and  their  various  cha 
teristicB,  wo  shall  find  thut  all  the  immense  variety  of  forms  which  1 
been  used  as  ornament  may  bo  classified  under  two  heads :  what 
may  call  abntract  ornament,  which  is  not  an  imitation  of  any  ol; 
in  art  or  nature,  but  which  deals  only  with  proportions  and  rclat 
of  lines  and  spaces,  and  natural  ornament,  which  includes  the  xu 
forms  more  or  less  imitated  from  Nature.     All  ornament  which 
good  may  be  classed  tmder  one  or  other  of  these  heads ;  thcjre  ii 
third  class,  to  be  mentioned  just  now,  but  which  is  radically  bad  a 
may  be  left  out  of  the  question  for  the  moment.     Abstract  oruamc 
appeals  mainly  to  what  may  bo  called  our  geometrical  sense ;  to  t 
pleasure  which  the  eye  derives  from  equal  spacing  and  ropetitii 
just  as  the  ear  derives  pleasure  from  tliat  equal  spacing  in  time  whi 
we  call  "  rhythm,"  and  to   the  pleasure  which  both  eye  and  mi 
derive  from  Uio  play  of  lino  ond  the  opposition  of  forms  or  spaces 
compliance  with  geometrical  proportion.     A  typical  specimen  of  tl 
olasB  of  ornament  is  the  Greek  fret,  or,  as  it  is  Bomotimos  called, "  k« 
pattern  "  (Fig.  7),  of  which  there  ore  many  varieties,  from  simple 
cxcoodingly  complicated  forms.     This  is  an  example  of  the  way 
which  interest  may  be   given    to   surface  ornament  by  a  trcatme 
which  breaks  up  and  evades  the  really  simple  basis  of  the  omamec 
This  fret  pattern  is  merely  based  upon  squares  drawn  one  with 
another,  but  the  lines  are  broken  off  and  reunited  iu  such  a  way  as  ' 
mask  the  real  basis  of  the  design,  and  cheat  the  eye  by  a  kind  i 
labyrinthine  puzzle.     The  same  kind  of  iutcrest,  that  of  presenting 
certain  puzzle  to  the  eye  and  giving  it  a  problem  to  trace  out,  belong 
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to  the  more  elaborate  Arabic  fret  (Fig.  9),  the  bosiB  of  which  is  three 
hexagons  drawn  cue  within  another,  with  an  arrangement  of  squares 
one  within  another,  connecting  the  faces  of  the  hexagons.  But  the 
lines  of  the  hexagons  are  so  broken  up  that  the  inner  lino  on  one  face 
runs  into  the  second  lino  on  the  next  face,  and  the  outer  line  on  the 
next,  and  finally  runs  oat  of  the  hexagon  and  becomes  part  of  the 
square  design,  thus  producing  an  ap|)earaace  of  complication  out  of 
what  is  really  a  very  simple  decorative  idea.  This  is  the  chtiroctoristio 
of  all  this  class  of  Moorish  decoration,  which  has  perhaps  been  a  little 
ovcr-praisc-d ;  it  all  consists  in  breaking  up  an  csscutially  simple 
combination  of  lines  in  snch  a  w^ay  as  to  present  a  puzzle  to  the  eye ; 
bat  when  the  trick  of  it  is  once  mastered  it  rather  loses  its  effect. 
Another  type  of  ornament  of  which  the  interest  is  similar  is  the 
Celtic  school  of  interlacing  band  ornament,  of  which  Fig.  10  is  a 
specimen  ;  some  of  these  are  carrie<l  to  an  almost  bewildering  degree 
of  elaboration.  The  Greek  fret  pattern  has  pervaded  a  great  part  of 
the  world  in  one  form  or  another :  something  like  it  is  seen  in  the 
Egyptian  specimen,  Fig.  8  ;  and  in  the  British  Museum  is  an  old  piece 
of  Peruvian  cloth  in  which  the  principle  of  the  Greek  fret  is  yery  well 
and  rather  elaborately  carried  out  in  a  slightly  different  form. 

These  forms  of  ornament  have  obviously  no  relation  whatever  to 
nature  in  her  outward  aspect.  Among  the  large  class  of  ornamental 
forms  which  consist  in  the  repetition  of  an  object  at  equal  distances, 
or  the  alternate  repetition  of  two  forms,  we  find  a  great  many 
specimens  which  are  equally  artificial,  and  also  a  good  many  which, 
witliout  imitating  nature,  seem  to  be  taken  from  hints  furnished  by 
nature.  We  may  perhaps  trace  in  imagination  the  process  by  which 
snch  forms  may  possibly  have  been  oliniinatcd  from  a  semi-natural 
origin.  We  might  imagine,  for  example,  that  in  a  primitive  stage  of 
civilizatiuu  the  hut  or  wignam  might  have  been  omomuntod  by  some 
•uoh  natural  objects  as  fir-cones,  easily  procurable,  stnmg  round  the 
outside  (A,  Fig.  1).  This  would  become  a  recognized  and  iudis- 
pooaable  feature  of  a  respectable  wigwam,  and  would  have  so  much 
impressed  itself  on  the  popular  taste,  that  in  a  period  of  higher 
culture  a  conventional  imitation  of  it  (B)  would  be  carved  or  painted 
round  the  dwelling,  still  preserving  the  general  form  of  the  nataral 
ubjocL  The  convcntionaUsm  of  precise  repetition  and  equal  siHioins 
nujghl  to  Bumo  extent  arise  merely  out  of  the  fact  that  this  mechanical 
repetition  wm  essior  of  execution  than  the  imitation  of  the  variety  of 
nature,*  though  the  inherent  love  of  rhythmical  repetition  would  no 
doubt  contribute  to  it.   It  would  be  an  easy  step  to  obeervo  tliat  greater  I 


*  Than  b  probahly  a  mat  deal  of  aooient  art-work  which  wo  now  oatl 
"  carveationaliied,"  and   wnicli  we  imitate,  the  to-cnllwl  ooDTeationolian  of  j 
which  arow  bem  the  imperfaot  attempt  at  rculisni.    The  fl^c^tre  dnwing  vi\ 

I  tho  nut 
D  mooara 
impcrfectioo  hare  hoen  rvgardod  ai  poaltive 
baaatfea  to  bt  rtpfodoosd. 


WBioa  Brawl  aam  uw  uapenan  Bueiopi  Bt  nnuiain.  lue  nnn  onu 
sisdiwwl  •iainad  glaa*  la  an  example.  It  wu  probably  tb«  attvoipt  oo  t 
of  lbs  original  artitta  to  bo  ••  lif^-hlce  aa  th*y  [uviblT  ooultl,  but  m  tlio  i 
BSdtoral  rovlval  its  atUDMSi  and  imncrfectioo  hare  been  rnsanlad  aa  i 


gained  hy  introdacing  a  subonlinato  foAtaro  alUi. 
with  the  priucipul  ouu  (C).     A  greater  variety  miglit  next  be 
At  by  fortuing  altcnuiting  gronpa  instead  of  single  forms,  a 
grouping   of   tbofto   would  almost   inevitably   lead   to   a   sjb 
braucbiug  off  on  either  side  of  a  centre  (D).    This  brings  as  t< 
thing  not  very  far  from  the  wull-kuowu  Greek  ornament  shi 
Fig.  2,  which  is  oomotinics  culled  the  honeysuukle  oruaniei 
which  in  reality  is  probably  no  imitation  of  naturo  at  all,  but 
the  natural  principle  of  growth  from  a  central  stem  systemi 
carried  out  in  ornament.   If  we  com]>are  this  painted  ornament  w 
carrod  antrjira  ornament  of  the  cornice  of  a  Greek  temple  (Fig 
will  be  evident  that  both  are  designed  on  the  same  motive,  but 
would  think  of  calling  the  latter  an  imitation  of  nature.   The  pri 
of  alternation  of  a  principal  and  subordinate  member,  or  of  i 
and  round  form,  is  met  with  everywhere  in  ornaments  of  repel 
Fig.  5  is  an  £gy|)tian  specimen,  Fig.  6  shows  two  forms  of 
ornament  which  have  been  employed  perhaps  more  than  any 
ornamental  detail,  over  the  whole  face  of  the  civilizo<l  world,  i 
which  the  origin  of  the  lower  one  at  least  is  almost  certainly  art 
and  taken  from  ])er8onal  ornament.     Below  it  is  a  sketch  of  a 
necklace  from  the  Pclew  Islands,  which  shows  almost  the  csaal 
in  little  of  the  Greek  "  bead  and  reel  "  ornament.* 

The  Greeks,  however,  so  completely  conventionalized  thii 
other    ornaments,   drawn    originally,    perhapn,   from    very    p| 
sources,  as  to  raise  them  to  the  rank  of  intellectually  designe< 
studied  ornament.     There  has  been,  however,  a  frequent  use  of 
ficial  objects,  merely  copied  and  strung  together  to  produce  wl 
called  ornament,  and  this  is  the  third  clii8«  of  ornament  referr 
above,  which  is  neither  natural  nor  abstract,  and  which  is  alway 
by  a  truly  cultured  taste  to  be  bad  nud  vulgar.    For  all  true  orna 
is  the  application  of  thought  and  invention  in  the  adaptation  of  na 
form  or   natural   Liw  to  the   purposes   of  the  decorator.     Cut 
imitation  of  mere  artificial  olu'ects  of  use  is  the  confession  that 
decorator  who  so  uses  them  hns  no  thought  and  no  invention, 
thnt  natuntl  law  and  natural  form  have  lesH  clmrm  for  him  than 
vulgar  surroundings  of  his  doily  pnictical  life.     Accordingly,  an 
the  Greeks,  who  in  their  art  were  nutliiiig  if  not  critical,  we  ha 
ever  find  the  gross  imitation  of  artificial  oltjwts  ;  it  only  occur, 
some  siibordiuate  work  not  of  the  beat  periotl.     The  Ruiuaus  impi 
upon  the  world,  more  than  any  other  people,  the  vulgarity  of  v 
may  be  eallcil  furniture  ornament.     Their  temjilcs  being  places 
the  performance  of  sacrificial  ritual,  they  thought  it  appropriat 
ornament  them  externally  with  carviiiga  of  the  head  or  skull  of 


•  Some  of  the  coincidences,  il  may  bo  olwerved,  between  Greek  ortmine 
the  beet  school,  ami  the  prnJuctioin  of  nearly  barburoufl  people  in  fiir  re 
ialniiib,  aro  must  curious,  uud  would  furiuAh  iu  tliumsulvea  a  siguillcaut  oliapt 
the  history  of  omaiucDt. 
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knimal  that  was  Bacrificcd,  and  of  the  garlands  with  which  he  was 
decorated  (Fig.  26),  or  oven  with  tho  representation  of  tho  sacrificial 
implemcntis  themselves  (Fig.  25).  Such  unianicnt  represented  the  same 
thing  to  tho  Roman  mind  of  the  day  wLich  would  bo  represented 
to  our  mind  if  tbo  Law  Courts  wero  decorated  with  earrings  of 
barristers'  wigs  spaced  at  equal  distances  and  gowns  festooned  from 
one  to  another,  or  if  the  Board  schools  were  decorated  with  a  frieze 
of  pens,  inkstands,  and  spelling-books.*  Such  a  decoration  would  at 
all  events  have  a  practical  meaning  to  us,  just  as  the  representation 
of  the  garlands  and  the  sacrificial  implements  had  a  practical  meaning 
to  the  Roman  public ;  so  that  if  we  adopted  such  suggestive  ornaments 
an  our  buildings,  wo  should  at  least  bu  on  tho  same  ground  as  the 
Romans.  But  we  have  in  fact  fallen  below  tliem,  fur  we  imitate 
their  bulls'  heads  and  garlands  without  their  having  even  any 
practical  meaning  for  us :  we  reproduce  the  garland  in  stone,  plaster, 
and  terra  cotta  (Fig.  27  :  the  modem  builder  calls  it  a  "  swag  "),  and 
place  it  all  over  our  buildings  without  sense  or  meaning,  because  it 
had  a  meaning  to  the  Romans.  Vulgarity  and  absurdity  could  hardly 
be  carried  further. 

It  may  be  useful  to  note  some  other  instances  of  misapplication  of 
ornament  in  its  relation  to  material  and  position.  In  surface  omo- 
tneut  no  design  can  bo  suitable  which  makes  the  surface  look  like 
what  it  is  not.  A  flagrant  instance  of  this  is  Fig.  12,  from  a 
Pompciian  mosaic  floor,  whore  tlio  Greek  fret  is  applied  with  a  per- 
spective treatment  which  causes  it  to  appear  as  if  in  relief,  and  gives 
the  iuipression  that  the  visitor  has  to  walk  over  a  kind  of  gridiron. 
This  Burt  of  deception  is  bnd  in  any  position,  but  worst  of  all  in 
a  floor  surface.  Fig.  11  shows,  by  contrast,  an  Arabic  design  for 
brick  pavement,  not  only  in  perfectly  good  taste  for  its  position,  but 
exactly  suited  to  the  material,  and  arising  merely  out  of  the  studied 
arrangement  of  bricks  of  two  or  three  different  shapes  and  sisee. 
Figs.  19  and  20  are  vases  from  the  collection  found  by  General" 
Ciniola  in  Cyprus,  of  which  Fig.  19  is  suitably  ornamented  by 
oiroular  rings  following  tho  natural  movement  of  tho  vessel  on  its 
ana  in  the  process  of  turning,  while  Fig.  20  shows  an  omanicntation 
by  circles  placotl  tlio  other  way  merely  for  the  sake  of  change,  and  in 
a  manner  which,  instead  of  growing  out  of  the  process  of  manufacture, 
oontradicts  it.  Fig.  21  is  an  example  of  the  artistic  effect  that  may 
be  produced  by  merely  fashioning  an  "  tide  in  the  most  convenient 
method  for  its  nse  and  for  the  treatment  of  tho  material.  It  is  one  of 
tbe  Uissarlik  caps,  intended  to  bo  held  by  both  handles  when  used 


*  Tcanyson  onntributes  a  definition  of  thU  kind  of  omunent  in  hi«  •aggeation 
for  dsepialing  the  tombstone  of  the  **  hoad-wailer  at  Uie  Cock  " — 


No  oorred  crtwabonei,  the  tjrpn  of  ileatb, 
Shull  (liow  thas  paaed  tu  IIcaTPO, 

But  cuvid  croapipe*,  and  andarasalh 
A  pint-pot,  iiMtly  gimvao.** 
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for  drinking  from,  and  when  not  in  nse  to  stand  inverted 
Bpreiuiing  rim,  and  its  wholo  form  precisely  HOggeste  this.     Le 
mauufacturc^r,  ambitions  of  novelty,  plnco  the  handles  as  Bhod 
Fig.  22,  and  the  beauty  of  the  thing  ia  gone  becanse  its  fitnJ 
gone ;  tlio  handles  are  in  the  way  when  nsing  it,  and  it  will  not  f 
cither  way  np.     Tiiko,  again,  the  Japanese  method  of  decoratii 
door,  now  so  mnch  in  fashion,  by  i>ainting  on  the  panels  a  tree-{ 
which  disap]K«r8  under  the  framing  and  re-appears  in  the  next  B 
(Fig.  30).     This  is  an  absolute  contradiction  of  the  facts  ct! 
oonatruction  of  tlio  door,  in  which  each  panel  is  a  separate  ] 
enclosed  and  held  by  the  framing ;  whereas  this  way  of  decon 
makes  the  framing  appear  as  something  laid  over  the  whole 
hiding  part  of  the  drawing.     If  it  is  considered  piquant  to  troii 
panels  irregularly,  at  least  each  one  should  appear  as  a  sepi 
design  (Fig.  29),  ond  then  they  may  be  kept  in  their  place  fde* 
tively)  by  a  simple  treatment  of  the  framing  in  lines  following; 
emphasizing  the  lines  of  oonstmotion.    In  this  case  the  lino  oma^ 
is  arranged  so  as  exactly  to  denote  the  method  of  framing  anv 
length  of  each  piece,  tho  side  rails  going  right  through  to  the  top 
the  cross  one  being  fixed  between  them ;  but  this  may  be  carij 
"truth"  a  little  farther  than  necessary.    In  any  case,  the  panel  dec 
tion  probably  looks  best  when  syiumctrically  arranged  in  rclntioi 
the  centre  of  the  panel  (Fig.  31 ),  rather  than  when  treated  irrcgnljl 
but  fashion  decides  otbcrwise  at  present.     Another  example  of| 
conflict   of    fashion   and    true    taste   is   in   the   Chippendale    fl 
(Fig.  33).     This  "  ribbon-backed "  chair  was  Chippendale's  apt 
prido;  he  said  that  be  believed  a  better  chair  had  never  been  m 
and  as  far  as  tho  construction  went  ho  was  probably  right ;  and  ag 
as  design  is  concerned  we  may  add  that  a  worse  one  was  never  dj 
The  festoons  of  ribbons  in  the  bavk  are  utterly  weak  and  unmean' 
and  unsuited  to  the  material  and  the  position,  and  the  scrolls  wl 
touch  each  other  in  the  top  rail  and  the  logs  present  points  of  im 
fest  weakness  (in  appearance)  just  whore  tlioro  ought  to  be  streil 
The  cliair  by  Sheraton  (Fig.  32)  is,  though  simple,  a  thoroughly  « 
designod  ono ;   tho  orunmeut  is  all  applied  so  as  to  emphasise 
lines  of  constrnction  and  give  strength  where  it  is  reqnired,the  br 
portion  of  the  top  rail  ia  plocod  where  it  is  needed  for  tho  back, 
bend  outwards  of  the  foot  is  not  only  graceful  in  effect  but  open 
in  giving  the  chair  a  bruodcr  and  firmer  base.     But  both  these  cha 
though  utterly  ditfercnt  in  principle  and  taste,  aro  now  offered  ( 
accepted  indiscriminately  as  good  furniture,  mei-cly  because  they  b 
belong  to  a  period  tho  productions  of  which  aro  in  fashion  at  pres( 
Lastly,  it  may  bo  observed  that  no  ornament  ought  to  appear 
contradict  or  ignore  the  laws  of  nature.     We  have  a  common  st; 
of  ceiling  ornament  in  tho  Queen  Anne  period,  which  is  being  mi 
copied  now,  in  which  festoous  seem  to  hang  all  round  from  a  cent 
ornament  (Fig.  28).     Now,  as  the  festoon  form  is  produced  by  i 
action  of  gravitation,  which,  as  far  as  we  aro  concerned,  opera 
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Terticallj  only,  it  ia  diSScnlt  to  nndorstand  how  flowers  can  hang 
horizontally  in  festoons  every  way,  unless  we  suppose  either  that 
the  centre  ornament  of  the  ceiling  exercises  a  centrifugal  force,  or 
that  the  cornice  of  the  room  has  powers  of  attraction.  Such  are  the 
absurdities  which  follow  the  neglect  of  natural  laws  in  the  designing 
of  ornament. 

When  we  come  to  consider  natural  ornament,  we  are  met  by  the 
further  question,  in  addition  to  those  which  have  been  previously 
glanced  at,  what  should  be  the  relation  of  ornament  funnded  on 
natural  forms  to  nature  herself ;  what  degree  of  closeness  of  imitation 
of  nature  is  possible  or  desirable  in  such  ornament.  If  we  look  at 
the  practioo  of  former  times,  we  find  the  Greeks  usually  treated 
natural  forms  in  a  highly  conventionalized  manner ;  if  we  compare 
the  ■oanUins  leaf  of  nature  with  that  of  the  Corinthian  capital 
(which  is  Greek  in  origin,  though  all  the  existing  specimens  of  its 
complete  form  are  probably  Roman),  we  find  the  treatment  of  the  leaf 
in  marble  so  symmetrical  and  so  sculpturesque  that  it  almost  becomes 
•o  invention  of  art  rather  than  an  imitation  of  nature.  And  in  the  uae 
of  natural  leaves  in  other  forms  of  ornament,  as  in  the  scroU  (Fig.  16), 
the  Greeks  seem  to  have  aimed  not  so  much  at  imitating  nature  as  at 
bringing  natural  forms  into  harmony  with  a  very  refined  system  of 
correa,  such  as  are  never  found  in  natural  growths:  they  thus  to 
some  extent  oombinod  the  beauty  of  natnro  and  that  of  geometric  and 
matbematioal  proportion.  Their  curves  are  also  constructed  so  aa 
to  proceed  from  one  another  in  a  strictly  logical  and  harmonious 
manner,  with  which  no  vagary  or  variety  of  the  natural  foliage  is 
•far  allowed  to  intcrfuro.  This  was  far  too  refined  a  prooednre  for 
IIm  Bomans.  The  character  of  their  scroll  foliage  work  is  indicated 
in  such  a  fragment  as  Fig.  17  :  they  adoptol  the  Greek  acanthus-leaf 
with  great  elaboration  of  surface  and  detail,  and  arranged  great 
branofaee  of  it  in  irregular  and  broken  curves,  which  somewhat 
resemble  the  form  a  real  branch  might  take  if  we  bent  it  into  a  scroll. 
At  the  same  time  the  foliage  is  completely  artificial,  so  that  we  have 
a  oonfosion  of  principle,  an  artificial  bough  of  foliage  which  is  treated 
in  a  naturalistic  manner,  and  which  seems  to  demand  in  its  nature  a 
mach  severer  treatment  The  result  is  something  which,  in  compari- 
son with  tlie  purity  of  line  and  severity  of  style  of  the  Greek  foliage 
omomont,  is  heavy  and  cabbage-like  in  appearance.  When  we  come 
to  Gothic  foliage  ornament,  wo  find  a  great  deal,  in  early  Gothic,  that 
has  strong  affinity  with  Greek  ornament :  something  anproaohing  to, 
tbrmgh  not  equalling,  the  Greek  purity  of  line  in  send]  pattens,  tad 
something  entirely  equal  to  Greek  work  in  tlie  method  of  oonvention- 
slising  oatoral  foliage  and  adapting  it  to  ornamental  design ;  tbo  Jttj 
diflhrsooe  between  the  two,  the  comparative  runndncss  and  moMivu- 
BSH  of  chancter  in  the  Gothic  ornamental  foliage,  being  partly  an 
fllintislion  of  its  exoollont  adaptation  to  oircomstanees  and  matenal, 
siaee  it  is  esoonted  in  coarse  stone  and  in  a  dull  climate,  while  the 
more  refined  Greek  ornament  was  exoontod  in  marble  and  in  a  bright 
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climate.     And  this  bringiB  uo  to  the  considorntions  which  Boem  n 
to  govern  and  di.'tormiue  the  relationship  of  nataral  ornament  tc 
natural  niodclR  from  which  it  is  derived,  and  wliich  arise  either 
the  poBition  in  which  the  ornament  is  applied  or  from  the  matt 
in  wliich  it  is  execute*!. 

A  few  illustrations  will  elucidate  this  bettor  than  many 

Take,  on  the  second  pnge  of  illustrations,  Fig.  34,  a  sketch  of 

of  a  flower  exactly  as  it  grow  (in  the  comer  is  represented  the  ti'>p 

of  the  blossom  the  size  of  the  original),  and  let  us  see  how  we 

have  to  shape  that  if  wo  apply  it  in  various  different  niatcrialt 

methods.     If  we  wish  to  j^aint  it  by  hand  in  a  ]ianel  (Fig.  35), 

is  then  nothing  to  prevent  ns  from  making  as  good  an  imitati 

the  details  and  variety  of  nature  as  wo  can,  only  taking  care  to  an 

the  blossoms  and  leaves  so  as  to  be  well  distributed  over  the  e 

and  to  ap]>ear  naturally  to  fill  it.     It  is  true  that  in  some  at 

better  decorative  effect  might  be  produced  by  mure  couventioii| 

but  this  depends  upon  other  circomstancos,  and  at  all  event 

method  of  execution  by  hand  leaves  us  perfectly  free  and  unfet 

in  our  treatment  of  our  model,  if  wo  elect  so  to  be :    we  an 

restricted  by  any  mechanical  difiSculties,  nor  by  any  inadeqod 

material  to  produce  precise  imitation.     But  if  we  have  to  tiei 

same  flower  in  a  wall-jiaper,  which  is  mechanically  rcpcate<l  in  ) 

sections,  the  attempt  to  give  to  the  design  the  appearance  of  n^ 

variety,  as  in  Fig.  36,  though  it  may  look  effective  at  a  first  glaal 

liable  to  lose  its  effectiveness  in  our  eyes  when  we  find  on  I 

examination  that  the  same  leaf  is  turned  down,  the  same  grot 

bloesoms  recurs  at  every  20  or  30  inches  distance ;  it  seems  bett 

Bnoh  a  case  to  treat  the  flower  more  couventionolly  (Fig.  37),  ai 

disavow  any  pretext  of  a  uatLiralisni  which  cannot  bo  really  susts 

If,  on  the  other  hand,  we  Lave  to  ap[>ly  the  flower  as  a  bord 

needlework  (Fig.  ^8),  though  we  are  obliged  in  this  case  to  ignorei 

of  the  more  delicate  detail  and  gradation  of  tone,  which  this  mi 

cannot  reproduce,  we  have  again  the  freedom  of  handwork,  aai 

may  bo  at  liberty  to  arrange  the  flowers  and  leaves  along  the  b| 

with  all  the  irregularity  of  nature  :    sinco  they  must  all  bo  sopU 

worked,  and  repetition  is  no  economy  in  any  way.     But  even  ill 

case  it  is  best  to  give  some  continuity  to  the  ornament  by  contii 

lines,  and  even  by  the  symmetrical  sjiacing  of  a  smaller  detail,  in 

case  derived  from  the  top  view,  or,  as  we  may  say,  the  "  plan,"  o: 

blossom.     If  wo  have  to  treat  it  in  inlay  (Fig,  39),  we  nro  again 

to  employ  any  degree  of  variety,  aa  far  as  convenience  and  ecor 

of  work  are  concerned,  as  each  cutting  is  separately  made  ;  but 

the  effect  of  the  process  is  bo  far  removed  from  that  of  nature 

materials  are  bo  bard  and  nnjielding  in  appearance,  that  it  is  bei 

other  grounds  to  avoid  any  appearance  of  imitating  nature,  and  to 

to  tlio  work  the  symmetry  and  regularity  of  a  completely  ortil 

production.     In  doing  this,  however,  wo  should  keep  in  mind 

slight  peculiarity  in  tho  original  model,  and  preserve  a  hint  of  i 
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the  adaptation  ;  thns  tho  cbaraoteristio  littlo  break  in  tbe  stalk,  at  A, 
Fig.  84,  is  preserved  in  tlio  inlay  at  A,  and  so  is  tho  fact  that  the  two 
sides  of  the  leaf  do  not  spring  from  thu  base  of  its  rib  quite  opposite 
each  other,  but  one  a  littlo  Liglior  than  the  other.  It  is  tho  preserva- 
tion of  such  little  incidental,  even  in  highly  conrontionalized  work, 
which  gives  character  to  an  ornament  derived  from  natnre.  But  the 
attempt,  sometimes  made  in  very  costly  work,  to  imitate  in  inlaid 
stones  and  other  such  material  the  colours  and  natural  irregularity 
and  fragile  appearance  of  flowers  and  other  vegetation,  is  a  mere  lour  de 
^  foree,  never  really  successful,  only  causing  surprise  that  it  can  bo 
■ooomplishod  in  any  degree.  In  such  a  material  as  needlework,  how- 
ever, even  if  symmetrical  repetition  be  adopted,  it  is  best  to  avoid 
bi-lateral  repetition,  because  in  snch  a  material  this  can  never  be 
acoomplisfaod  with  entire  snooess,  and  it  leads  to  an  impression  that 
something  bos  been  attempted  which  is  only  imperfectly  done.  Such 
a  pattern  as  that  in  Fig.  40  may  be  repeated  with  good  efl'cct,  with 
alternate  leaves  and  flowcn)  of  the  same  grouping ;  but  there  is  no 
bi-la(eral  symmetry  in  it,  and  even  the  repetition  of  the  groups  will 
inevitalily  have  a  certain  variety  from  tho  mere  variations  of  the  hand 
in  workiug  them. 

The  Illation  of  conventionalism  to  nature  may  bo  further  illns- 
tratod  by  another  example.  Take  tho  nasturtium  (Fig.  41),  a  flower 
whicli  for  some  reason  has  been  littlo  used  in  ornament,  though  it  is 
a  very  suggestive  one.  Fort  of  the  character  of  tho  blossom  consists 
in  the  manner  in  which,  when  seen  in  front,  each  petal  overlajis  its 
neighbour  on  one  side  and  is  in  turn  overlapped  on  the  other  side, 
thus  producing  a  partially  spiral  efl'ect ;  and  ]>art  of  tho  character  of 
tho  loaf  consists  in  the  radiation  of  tho  ribs  from  a  point  within  tho 
■nrfiMW  of  the  leaf,  but  not  in  its  centre.  In  Fig.  42,  which  we  may 
■appose  a  design  for  tiles,  those  characteristics  are  ignored,  the  flower 
is  shown  on  one  tile  \vithuut  the  spiral  growth,  the  leaf  on  the  other 
witb  tha  ribs  radiating  from  the  centre ;  and  the  feature  B  (Fig.  41), 
which  gives  so  mnch  of  the  charactor  to  the  side  view  of  the  flower, 
is  in  this  design  separated  from  tho  flower  and  introduced  as  an 
independent  feature  in  the  interstices  of  the  circles.*  All  this  is  bod 
conventionalism,  Itcoaaso  it  ignores  the  character  and  constrnction  of 
tho  flower.  In  Fig.  43  these  spiral  and  eccentric  choractoriHtics  of 
blossom  and  loaf  are  preserved,  and  tho  appsoranco  of  the  leaves 
oolIectiTcly  in  nature,  as  discs  overlapping  each  other,  is  suggostod. 
The  dark  banil  round  tho  blossom  woola  bo  necessary  to  throw  out  its 
colour  and  give  it  the  requisite  foroo  for  tile  design.  The  side  view  of 
tbe  blossom  balanced  on  its  stalk  is  too  light  and  fragile  in  appearanoo 
for  tiles,  but  is  introduced  in  the  needlework  border  (Fig.  44);  and  in 
this  and  tho  last-named  sketch  the  highly  characteristic  aspect  of  ths 


*  Thli  ii  no  exa^f;rnition  of  the  kind  of  lyttAm  pamod  bjraomc  ronvpntional 
4isIki>w%  vbo  Mem  to  llilnk  tha  way  to  dm  flowtn  in  omamaot  ia  tn  pull  tlivtn 
Is  pmm  and  i»«n«oga  them  on  a  aoit  of  Chlnsss  pools  prineiplp. 
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Iwf  when  viewed  tdgm%js  (C,  Fig.  41)  is  introdnced.     In   Li 
slooe,  perfaape,  of  ail  fonrni  of  decx>rative  design,   wc  may,  as 
Fig.  4fi,  ignore  eynunctry  Mid  nrmngement  altogether,  and  adinit 
the  irregularity  of  naturo,  tlio  fragile  material  hardly  bearing  ai 
thing  like  precision  or  fommlity  of  design,  which   wunld  seem 
weight  it  too  much. 

Fig.  46  is  a  sketch  of  a  spray  of  a  foreign  fern,  Adianlum  trap* 
forme  (the  real  character  and  l>CAaty  of  which,  however,  cannot 
sbown  on  so  small  a  scale  and  in  mere  outline).  In  its  applicat' 
■s  %  wood  inlay  (Fig.  47),  the  trajiezifom]  cliamctor  of  the  li'uves 
an  eeseutial  point,  and  also  the  zigzag  of  the  stalk  between  i 
springing  of  each  loaf,  arising  from  the  special  form  of  "  dichotom 
of  growth  in  the  plant;  this  is  emphasized  in  the  inlay  by  the  ad 
tional  lines  on  either  side  of  it,  which  serve  to  fill  in  and  give  solid 
to  the  ornament.  This  looks  very  stiff  in  comparison  with 
elegance  of  the  natural  spray,  yet  when  applied  as  a  border  omami 
8.iy  to  a  table  top,  it  would  be  much  more  effective  as  a  whole  tl 
any  realistic  imitation  of  the  spray.  Nature  sometimes,  howe> 
supplies  us  with  a  goometric«l  ornament  ready  mode,  as  in  the  bloss 
of  knimia  (Fig.  4S),  which  is  almost  as  precise  in  its  symmetry  ai 
set  out  with  a  pair  of  compasses.  The  eccentricities  of  nature  fum 
ns  with  material  for  character  also,  as  in  the  leaf  of  begonia,  wfaicl 
aet  ao  oddly  sideways  on  the  end  of  the  stalk,  and  on  which  the  1 
is  based  in  Fig.  50,  an  ornament  which  is  mode  from  contiguous  cin 
from  each  of  which  one  segment  is  cnt  out  and  the  tangent  of 
circle  produced  to  meet  the  next  circle  ;  the  same  kind  of  way 
evading  the  simple  basis  of  the  ortiamciit  which  is  found  in  the  Gr 
fret  before  mentioned.  Fig.  51  represents  a  bit  of  humorous  dcs 
in  nature,  in  which  each  leof  starts  from  the  opposite  side  of  the  si 
from  that  which  it  ultimately  tends  to,  and  each  is  turn  off  irregula 
at  the  end  ;  but  if  this  were  adapted  for  inlay  (Fig.  62),  it  wonld^ 
do  to  imitate  the  irregular  termination  of  the  leaf,  we  could  only  g 
a  reminiscence  of  it  in  a  regularly  serrated  border.  The  leaf  Fig. 
belongs  to  the  same  class  as  the  last  naniod,  and  is  peculiar  in 
shape  and  character ;  it  is  shown  as  applied  in  Fig.  64  to  a  dia 
pattern  for  stained  glass,  formed  also  on  contiguous  circles  intercep 
in  variotis  ways  so  ns  to  give  on  appeai-aiico  of  intricacy,  thoi 
following  a  fiicd  plan.  This  is  an  example  of  the  same  way 
producing  interest  wliich  is  found  in  Arabic  ornament — combin, 
very  simple  elements  of  design  so  as  to  produce  an  appearance 
elaboration  and  present  a  kind  of  problem  to  the  eye. 

These  simple  specimens  woy  be  taken  as  atlbrding,  of  course,  oi 
some  slight  typical  illustration  of  the  philosophy  of  ornament  a 
the  relation  in  which  it  stands  to  nnttinil  forms,  a  subject  whi 
would  offer  almost  endless  variations  fur  illustration  if  gone  into 
detoil.  One  aspect  of  the  subject  may  bo  touched  upon  in  conclnai< 
which  seems  to  connect  it  with  the  groat  modem  all-pervading  ia 
of  evolution.     For  though  we  cannot  historically  trace  bock  all  t 
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forms  of  ornament  to  tboir  origin,  wo  can  see  enongh  to  leave  no 
donbt  that  if  we  had  all  the  connecting  links  before  ns,  we  shonld 
find  that  many  of  the  most  admirable,  widely  used,  and  characteristio 
forms  of  ornament  originated  not  so  much  in  any  sense  of  beanty,  as 
in  mere  superstition  and  grossncss ;  and  that  ornaments  are  habitually 
used  in  our  churches,  and  public  buildings,  and  habitations,  the 
actual  thdugh  remote  origin  of  which,  were  it  hinted  at,  would  very 
much  astouish  those  who  execute  and  those  who  admire  them ;  and  it 
may  perhaps  be  accepted  as  one  more  illustration  of  the  upward 
tendency  of  human  development,  that  even  the  very  knowledge  of 
this  uncomely  side  of  the  subject  has  fallen  away  from  all  except 
those  who  have  had  special  reason  to  study  its  history,  and  that  from 
these  clods  of  eartliiiicss  and  superstition  there  has  sprung  this  bright 
and  innocent  flower  of  ornament. 

[H.  H.  aj 
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GENEBAL  MONTHLY  MEETING, 
Mondaj,  Jane  7, 1880. 
Obobob  Bcbk,  Eeq.  F.ILB.  Troasorer  and  Vice-Prcsidcut,  in  the  Chi 

Tliomiks  Foretcr,  Esq. 

Cliurlca  Alcxaudor  Gordon,  M.D. 

Alexander  Charles  Macrae,  MJ). 

John  Steel,  Esq. 

William  Stnuig  Steel,  Esq. 

Alfred  Taylor,  Esq. 

Dr.  Charles  Moyinott  Tidy,  F.C.S.  F.I.C. 

were  elected  Momhers  of  the  Boyal  lustitution. 


The  PassENTB  received  since  the  last  Meeting  wore  laid  i 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz.:- 


TO.  I 


4to.     1879. 
XL VI.  Put 


Qotemor  Otneral  of  India  : — 
Geological  Burvcy  of  ludio. 

PalieoDtologia  lodioa ;  Series  XIV.  Vol.  I.  1.    fbl.     1880. 
Nete  Zealand  Gotwmmont— Bemilta  of  Conmu!,  .1  Morch,  1878.     fol.     1 
Academy  of  Natural  Srieueft,  PliiladelphHi — Procoodings  for  1879.     8vo, 
AccadfiHia  dei  Linen,  ReaU,  Roma — Atti,  Serio  Terza:  Traniiunti:  Tome 
Fa«5.  5.     4to.     1«79. 
Mcmorie:  Cliisse  di  Seionzc  Finidie  SLikniitliclio  e  Nntunli.    Vols.  IIL 
4to.     1879. 
Classe  di  Sclenzo  Morale,  Storleho  o  Filnlopche.    Vol,  lU. 
Anliquaria,  Socinly  of — Aiclueologin.    Vol.  XLV.  Part  2  ;  Vol 

4  to.     1880. 
Aiiatic  SocirJ])  of  Bengal— Jovima],  Vol.  XLVIII.  Part  I.  No.  4.    8to.     1879. 
Allnmiimical  Soeiety,  Hvyal — SIniitbly  Nnliece,  Vol.  XL.  No.  6.      8vo.     1880. 
Brituh  ArchitecU,  Jioyal  InetUute  o/— 1870-80  :  Procitdiugs,  No».  14,  15.     4t 

TrauHictioiui,  No.  8.  0.    4tu. 
Brown,  Jame*  F.  Etq.  F.C^. — Appamtna,  Past   and  Preaent  :    EDgrarii 

(Sheet  UL)     1880. 
Chemical  Soa'Hy — Journal  for  May,  1880.    8vo. 
Chrifllan  Eridfnee  Soeiety—ljecivaea.    Six  Volumes.     IGto.     1871-9. 
Vol.  1.  Slotiem  Scepticism. 
Vol.  II.  Faith  and  Free  Thoaght. 
Vol.  111.  Crodi'DtinlB  of  Cliristiunity. 
Vol.  IV.  Popular  OlijcctionB  to  Rovealod  Faith. 
Vol.  V.  Striving  for  the  Fuilh. 
Vol.  VI.  La  Vc'rite  Clireticnne  ct  le  Douto  Modurnc. 
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Critp,  Prank.  Etq.  LL.B.  F.L3.  M.RJ.  (Ike  £iitor>— Jonnml  of  tho  Ko^ 
Microacopical  Societr,  Vol.  11 . ;  Noa.  S-7,  luid  7a.    Vol.  III.  Noe.  1,  2.    8' 
1879-80, 
EdiioTt — .\nierican  Jounuil  orSoienco  for  Moy,  1880.    8to. 
Aualjst  for  Mny,  1880.    8to. 
Albciuuam  for  May.  1 880.    4(o. 
Ohcmial  Newa  for  May.  1880.    4to. 
Engineer  for  May,  1880.    fol. 
Horolngical  Juamal  for  May,  1880.    8vo. 
Iron  for  May,  1880.    4to. 
Journal  of  Applied  Scicuce  for  May,  1880.    fol. 
Nataro  for  May,  1880.     4  to. 
Tcleeraphic  Journal  for  May,  1880.    8vo. 
EUii,  lUxandtr  J.  E*q.  DA.  F.B.8.  MJi.I.  {the  Aulhory—TUe  Hutory  of  Mnairal 

Pitch.     (L  17)    8vo.     1880. 
Franklin  ImtiUOt—Jownai,  No.  653.    8to.     1880. 

Gaographical  SoeUiy,  Rogal — Prooccdioes,  New  Seriea.  Vol.  II.  No.  5.  8tq.   1880. 
OMogteal  ^joeiXy— Quftrtorly  Journal,  No.  142.    8to.     1880. 
(holoaieal  Indilule,  ImperiaU  TVoHrMi — VerlmiKUungeD,   1880,   Noa.   1-5.    Bra 

Jahrfaoeh :  Band  XXIX  No.  4 :  Uand  XXX.  Na  1.     8vo.     1880. 
Bydtetlon,  Wilfrid  H.  Etq.  F.0.8.  F.C.8.  (Ou  Author)— The  Yorkahiie  OoUtea, 

and  other  Papent.    8to.    I87»-9. 
JntUttUim  of  CirU  Engineers— Minnlca  "t  ProcecOinga,  Vol.  IJX.    8vo.    1880. 
MoMdKultir  Geologieal  Sbeiate— Tranmctiom,  Vol.  XV.  Parts  12,  13.    8to.     1880. 
Prnkter,  B.  Budd,  M.D.  F.R.CM.  M.RJ.  (Ilu  Author)— edeace,  a  Strooglkold  of 

lUki.    8va    1880. 
PhmmottmUeal  &eicti^— Joonial,  May,  1880.    8to. 

Iwlex  to  ten  volamea  of  the  Joomal— 1668-78.    8to.    1880. 
Pkolcgr^tfhie  Soct°e/y— Joomal,  New  Seriea,  Vol.  IV.  No.  7.    8to.     1879. 
Preutntrhe  Akadrmia  der  ITiiwneka/ten— Monataberichte  :  Jan.  1880.    8vo, 
Soyil  8ocit(y  of  Lomfon— Procoedingg,  Noa.  202,  203.     8vo.     1880. 

Pfailoaophioal  Tisnnotiona.  Vol.  CLXX.    4to.     1879-80 
8mm  Boeitif  of  Seienea.  Royal.— 
FhiloloKiach-Hiaiariaehe  Claoao : 

Batlahte.    1879,  No&  1,2.    8va    1880. 
IfaaianBtiMsh-Pbyaiarbe  daoe : 
Abhondlangen.    Band  XU.  No.  4.    4to.    187S-8. 
BeriohtA.    1879.    8Ta 

,  O.  /.—Monthly  Meteorolagifml  Magaxine,  Blay.  1880.    Sro, 
,  Boyai  Boeftiy—Vmfm  and  Proceedinn  fur  1878.    Sto.    1OT8. 
aWrarMk  Kngimm,  Boeiety  o/— Jounal,  Pari  S3.    8to.     1880. 
Sir  r.  Booald'a  Oatalogoe  of  BooIcb  relating  to  Electricity.  Magoetiian,  te. 
Ed.  A.  J.  Pyaat.    8vo.    1880. 
Tyndail.  Jnkn.  Af.  D.C.L.  F.RS.  ie.  (Oa  Author)— lleai  a  Mode  of  Motion. 

SUth  Edition.     I2ma     1880. 
VnOml  Btrriet  iMtlMl.m,  Royal— Jaamii,  No.  104.    8ro.    1880. 
RmI  CMMraVy— linllrtin  MenneJ  da  t'Obaerratoin  MAfarelQgiqw,  VoL  XL 

Noa.  7-12.    4to.    1879. 
Tmtin  tur  Bt/trdtmg  tle§  QemmMtUtm  in  Pr«iu«e>»— Verhondlnngen,  1880: 

Heft,  4.  5. 
ytetaria  Inil4l*t*—JovmaX,  Noa.  52,  S3.    Sto.    1680. 

JV^oi,  Btnry,  fSig.— Boiamcter,  a  KinemaUo  Panuko.    (,App(»abi*.') 
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OoMmor  Qeneral  of  India: — Geological  Survey  of  India. 

BeoordB.    Vol.  XUI.    Port  2. 
Aeeademia  dei  Lineei,  Heale,  Roma — Atti,  Serie  Tensa :  Tmnsonti :  Tome 

Faso.  6.    4to.     1879. 
Aduariet,  Imtilute  of — Jonrnal,  No.  1 19.    8vo.    1879. 
Atiatie  Societ]/  of  Bengal — Prooeediiigs,  1880.     No.  I.    8vo. 
Attroiurmical  Sooiely,  Boya/— Monllily  Notiei>8,  Vol.  XL.  No.  7.    8ya     1880. 
Atkinson,  Edmund,  Etq.  Ph.1). — 'Juok  Ftillw,  u  Dcpnrted  Friend  to  Scien 

(Lithogmpb  Portrait.)     1834. 
Sanhrrf,  ImliUUc  o^— Journal,  Part  10.     8vo.     1880. 
Britiih  ArrhileeU,  hoyal  InttituU  o/— 1870-80 :  Piooeedings,  No.  16.  M 

TrananctiouB,  No.  10.     4  to.  ^ 

Chen»cal  Societj/ — Journal  for  Juno,  1880.     8to. 
Cornwall  Fotytichnic  Society,  Boyal — Forty-seventh  Anauul  Report,  1879.      ( 

1880. 
Critp,  Frank,  Eta.  LL.B.  F.L.8.  Ac.  M.R.J.  (_the  Editor)— J oumai  of  the  Bo 

Microscopical  Sooioty,  Juno,  1880.     8vo. 
EdUort — AniiTic»n  Joiu-niil  of  Scieuoc  for  June,  1880.    8vo. 

Anulyst  for  Jano,  1 880.     8 vo. 

Atliennsum  for  Juai.',  1880.    4to. 

Glicinical  News  for  June,  1880.    4to. 

Engineer  for  June,  1880.    fol. 

Horologieal  Jounial  for  Juno,  1880.    8vo. 

IroD  for  June,  1880.    4to. 

•Tournal  of  Applied  Sciooce  for  Jane,  1880.     fol. 

Nature  for  June,  1880.    4to. 

Tcleerapbic  Juumal  for  June,  1880.    8vn. 
FranMm  /n»<i7«/e— Journal,  No.  654.     8vo.     1880. 
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FnttI,  A.  J.  E$q.  (Iha  Author)— iietnoit  of  Sir  F.  Ronalds,  by  A.  J,  Froat  [with 

Ronalds' Cstnlo^o].    8to.     1880. 
Ofographiml  8ock(y,  ifcynj— Proceedings,  New  Series.   Vol.  II.  No.  6.   8vo.  1880, 
Oreig,  J.  K.  E$q.  {Ihe  Author}— Bank  Note  and  Banking  Refonn.    (K  103)    8va 

1880. 
HarUm,  SofiM  HoUandnin  dtt  Seienett—Knhi'^oa  Neerlandajies.    Tome  XV. 

Liv.  1, 2.     8to.     1880. 
Natuurlnindisp  Verhandclinpen.     Sde  Vera.     Dcol  IV.    Sink  1.    4to.    1880. 
flttj/den,  Pr.  F.  (Ihe  Author) — Elcvpntli  Annual  Report  of  the  Uniteil  States  Ooo- 

lopical  and  Ocogrephii»l  Survey  of  the  Territories :   Colorado,  A"c.      8to. 

1879. 
Ktrthaw,  8.  W.  Eiq.  F.S.A.  (the  Author)— Famoos  Kentish  Hooaes.     (K  103) 

8to.     1880. 
Meteorological  Ogi^,  The — Meteorological  ObBerrations  at  Stations  of  the  Second 

Order  for  1878.    4to.     1880. 
Contributions  to  the  Knowledge  of  the  Meteorology  of  the  Arctic  Regions. 

Part  II.     4to.    1880. 
Perry,  ller>.  S.J.(,Ou!  Author) — Stonyhnrst  Observatory :  Resolts  of  Meteorological 

oud  Magnetical  Observations:  1879.     16to.     1880. 
PkofaVranAic  .SoriWy— Journal,  New  Series,  Vol.  IV.  No.  8.     fivo.     1880. 
PrmutliAe  AkadtmU  dft  ITianueAa/toii— Monalsberiehtc :  Feb.  18S0.    Sva 
Sotdatt,  fisv.  J.  H.  M.A.(,lhe  ^uMor)— The  Scripture  Doctrine  of  Future  Ponidi- 

meat*.    (K  103)    8to.    1877. 
Rmfal  Soeiety  of  Loiuioiv— Prooeedinga,  No.  204.    8vo.    1880. 

Catalogue  of  Sciontiflo  Papers,  1864-7S,  Vol.  VIII.    4to.     1879. 
aSsMOU,  C.  n'm.  Eta.  D.CL.  F.Ii.S.  M.R.I,  (the  Author)— The  Dynamo-EIoctric 

Current  in  its  Anplioatinn  to  Mctallurjcy,  to  Uorticultnre,  and  to  Looomolion. 

8to.    (Jonmal  Sor.  Tel.  Enginoers,  1880.) 
Smhnu,  0.  J. — Monthly  Melourologioal  Maguiine,  June,  1880.    Rvo.  ■ 

nylar  JTiumm-  Arrhivcs,  Vol.  V.  2>  Psrtie.     8vo.     Hnnrlcm,  1880.  ^H 

iMisci  Service  IiulUuliim,  Royal— -Jovunal,  No.  105.     8vo.     1880.  TB 

r«r«iH  tur  Be/drderung  in  Omeerb/Umn  in  Prmimm — ^Verhandlnngun,  1880 : 

Heae. 

ririiiria  Inttitutt—Jonmai,  Nos.  52,  5^.    8to.     1880. 

y,if^nl.  B.  Librarian   R.I.—K.  3.  Warden:    the   Linen   Trsdo,   Ancient  and 

Modem.    8vo.     18G4. 
ZoelogUal  SbeMir— Prooeedingi,  1880.    Part  I.    6vo.    1880. 
OiiaXogm  of  the  Libimry.    8to.    1880. 
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GoMral  Monthly  Maeting. 


GENERAL  MONTFILY  MEETING, 
Muuday,  NoTombcr  1,  1880. 
Gboeos  Busk,  Esq.  F.R.S.  Tronfioror  and  Vico-Preeidout,  in 


Louis  Erio  Ames,  Esq. 
a  Ifombor  of  tho  Royal  Institution. 


Tho  PRKBXirrs  reoeivod  einoo  the  last  Meeting  were  laid 
tabic,  and  tho  thanks  of  the  Members  returned  for  the  some, 

ntem 

Tk«  JjortU  of  Ihe  AdmimUy — Orconwich  Speottotoopio  and  Pbotographia^ 

1878  and  1879.     Ho.     I878-i». 
The  Governor  Oenrrnl  nf  India — Geological  Survey  of  Indin : 
Beoonla.    Vol.  XIII.     pHrt  3. 

Kcmoirs:  Vol  XV.  Part2.    Vol.  XVII.  PnrU  1.  2.    8vo.     1879-80, 
Palnrntoloiria  Indica :  Series  X.    Vol.  I.  PurU  4,  5.    Scries  XIIL  Pi 
1880. 

The  Btentary  of  Statt  for  India — Acooont  of  the  Great  TrigoDometrical 
oflodia.     Vol.  V.    4to.     1879. 
Proceeding*:  1879.    No.  9,  1880.     No.  1-C.    8to. 
The  Cave  Templea  of  India.     U;  Jaiues  Ferguason  and  James  Burgea 
1880. 
Tha  Mdearologieal  OJice—W.  C.  Ley,  Aids  to  Study  and  Forecast  of  W 
8to.     1880.  I 

The  Fraieh  Qovemment — Dooumenta  Incdits  sur  rUistoire  do  France :      ' 
Lettres  do  Jean  Chapelaiu.   Ed.  PL.  Tniuizcy  do  Larroiiae.    Tome  I.    li 
4to.    Paris,  1880. 

Aeeademia  dei  Lincei,  Reale,  Boma — Atti,  Sorio  Tcrza  :  Trausnnti  :    Toi 

Faso.  7.    4to.     1880. 
.Aetearie«,i<w<i(«t«o/— Jonmal,  No.  120.     Rrn.     1880. 
Ameriean  Aeademy  of  ArU  and  Sci«K:«»— Proceedings.     Vol.  XV.  Part  1. 

1879. 
Anuriean  FhUoiophiral  Society — Catalogue  of  Labrary,  Paris  1,  2.    8vo.     1 

Prooeedings,  No.  105.    8vo.     1880. 
Antiquariet,  Society  o/— Proceedings,  Second  Sprip.s  Vol.  VIII.  No.  3.    8va 
Asialie  Society  of  Bengal— JouTntl,  Vol.  XXXVIII.   Pnrt   I.  Extra  No. 

1880.    Vol.  XLIX.  Part  I.  No.  1.     Part  II.  No.  1.    Svo.     1880. 
Axiatie  Society,  Boyni — Joumnl,  New  Series,  Vol.  XII.  Parts  1-4.    Svo.     U 
Aftronomieal  Society,  iJoyn/— Montbly  Notices,  Vol.  XL.  No.  8.    Svo.     188C 
Banhert,  Inttilule  o/— Journals,  Parts  11,  12.     Svo.     I8S0. 
Barloir,  Charles,  Efj.{Oie  Authm-^—Uovi  to  Mako  Mouey  hy  Patents.    (K 

Svo.     1880. 
Balavia  Otttervalory — Rainfall  in  tlie  East  Indinn  Arcbipelngo,  1879.     B} 

P.  A.  Borgsmo,  the  Director.    Svo.    Batavio,  1880. 
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HoDarian  Aeadeny  of  Scienea,  72oyal— Sitzangiberirhtc,  1880,  Hufte  2.    8to. 
iioitMt&eMy  o/.Vn/Hr(i<  HiVory— Kcmoin,  Vol.  III.  Port  I.  No.  3.    4to.     1879. 
Prooeedinn,  Vol.  XX.  Parts  2,  S.    8to.    1678-80. 

OooMioiuJ  Paiien:  III.    W.  P.  Cnwby :  CoDtribntioiu  to  the   GeologT  of 
MuaMhawtte.    8vo.    1880. 
BrUUk    ArehiUcU,  Boyal    InaUuU  o/— 1870-80:   Procoodinn,  Noa.    17,    18. 
1880-1.     Nos.  1, 2.     4to. 
TnuuactioDS,  Nob.  11-13.    4to. 
(hmtn'dff*  Unirenity  Prttt,  the  Smdie*. — Profenor  O.  O.  Btokef.     Ilatlicmatical 

•nd  Pbyncal  Pajicrs.    Vol.  I.    8to.     1880. 
Ckemieai  Soriafy— Journal  for  July-October,  1880.     8vo. 

Or'nt  Engmeenf  /fu<;(u/«on— Miuutes  of  Pmcevdings,  VoU.  LX.  LXI.  8to.  1880. 
OoihtL,  JcltK  Drydem,  Evi.  {the  .4  H</ior)— Collected  Poenis.  2  toU.  12mo.  1877. 
Oritp,  Frank,  &q.  LL.li.  F.L.S.  Ac.  M.R.I,  (the  Editor)— Journal  of  the  Eoyal 

HienmnpicaJ  Society.  Vol.  III.  Nog.  4,  5.    8vo.     1880. 
Dot :  SoeUU  de  Borda — BalletinB,  2*  Serie,  Ciiiquii.-me  Annde :  Trimeatre  3.  8to. 

Daz.  1879. 
DuUin  SoHtty,  BoyoZ— TianaustJana.    Vol.  I.  Paria  1-12.    Vol.  U.  Poitt  1,  S. 
4to.     1877-80. 
Jonmiil,  VoL  VII.  No.  45.    8to.     1878.  , 

ScienUfic  ProoeeJings,  Vol.  I.  Vol  U.  PaHa  1-6.    8to.     1877-80.  I 

Edition — Aiiiericun  Journal  of  Srieni-e  for  July-Oot.  1880.    8to. 
Aoalyst  for  July-Oit.  1880.     8vo. 
▲tfaensum  for  July-Oct.  1880.    4ta 
Cfcemfcial  Newt  for  July-Oct.  1860.    4ta 
Engfiicetror  July-Oct  1880.    fol. 
Horolngical  Journal  for  July-Oct.  1880.    Bra 
Ijvu  for  July-Oot.  1880.    4to. 
Joaraal  of  Applied  Soieiiee  for  July-Oct.  1880.    fol. 
Nature  for  July-Oct  1880.    ito. 

BeTue  Si'iiutiiique  and  R<>Yne  Politique  ot  Littvtuire,  Juli-Oct.     4to.     1880. 
Talegnpliir  Journal  for  July-Oct.  1880.    8vo. 
FranUi*  Inttioac—Jounuil.  No«.  655-9.     8to.     1880. 
OoUtm,  Dou.jl<i;  Et/.  C.B.  D.C.L.  F.H.S.  Ae.  (,the  jIuiAor)— Obaurrationa  on  the 

Oonttruction  of  Heftlthy  DwollingB.     8vo.     1880. 
Otograpkiottl  js'oci'efy,  fioyiU— Pruoeediugt,  New  8eric«.    Vols.  IL  No*.  7-10.    8to. 

1880. 
Otological  ImUMe,  ImjMirial,  Vmumo— VerhandluDgeD,  1880,  Noa.  6-11.     8to. 

Jahrbnch:  BudXXX.  Noa.  2,3.    8vo.     1880. 
Otoloaieat  SociXy— Qunrterly  Joaraal,  No.  143.    8vo.    1880. 
Barrimt,  W.  U.  Biq.  ((Ae  iwiifor)— Piyohio  Facta  frum  Varioiu  Authuta.    lOto. 

1880. 
Htmy,  Dr.  Jamm  {Thutem  o/)— ^^eidea.  or  Critical,  Ex««>Uoal.  and  .«»tl|ttt<»n' 
Bcuuirks  on  the  .£neis,  by  Jamos  Ucnrr.    Vi>l.  II.  (Ikuk  IV.)    Sxo.    1870. 
Ltdt  rhJotoiMad  and  hitmary  &niM«— Annual  Uvport,  1679.    8va    1880. 
Umman  &>eMv— Ttanaaotiou,  Seoond  Beriea:  Botany.  VoL  I.  ParU  8,  9.    4to. 

1680. 
Liwwfoat  Pelyltelkmie  AmWv— Journal,  varioua  No*.    8to.     1880. 
Lumaey  Oommtmiomn    Thlrty-fuurth  Report.    8to.    1879. 
Uadrat  Ltttrury  toMy— Madna  Journal  of  LHcntnie  and  Scicsoe  for  1879. 

8to,    IS80. 
Mmtikmlw  OiolaftMt  OwMy— TMiiaBotkma,  VoL  XV.  Parta  14.  IS.    8to.     1880. 
JCMftoateifWiMarL/aaiaiilMMio/'—ProoeMUnm,  April  IKtiO.    8to. 
Jbltel  Ma  dUrwytad  SoettlM,  Jb>yal— Pnteeedinsa,  No.  51.    8*o.    1880. 

Addlliaaa  to  Libnry,  187»-W.    8ra     ISM). 
MthorolMieat  AoMy— Quarterly  Joornal,  Not.  34,  85.    8Ta    1880. 
MUdU  >W^  UiM.  BoeUty  o/— Catalopiu  of  the  Printed  Books  in  the  Libmiy. 


Vol.  IX,    (No.  72.) 


-Ttannctiona,  Vol.  VU.  Part  SO.    8to.    1880. 
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1»7»-M. 


JtotMrapMa  flbafaty-Jounial.  Nvw  Beiie 


ITorra,  XT.  S.  UJ).  MJl.I.—B.  8.  Edwwds:  The  BaaBuns  «t  Home 

BnaiMU  Abiud.    itoU.    Ximo.    1879. 
JTatteoI  ilaoeiaMon— Proaeedioga,  Sixth  Senion.  IS79-80.    6td.    1880. 
SMmai  Amodalioit/iwtluPnmM(m<^ Social Seiaue—Tntitmetiooa: 

MMs(iiibU79.    8*a    1880. 
Xa/aOiuTMinvM  AafaralMb'  AMi^-TniUMtioiia,  Vol.  m.  Part 

fteiWy-^oanial,  July-Oot  1880.    8to. 

'oOTiiU.  Now  SeiiM,  Vol.  V.  No.  1,    8to.    1880. 
Vol  in.  Part  4.     8»o.    1880. 
JVMuatMk*  Ahiiimii  der  ir/aMMiifca/l<»— Moiutsberichte :  Uoiz-Jtmi,  18 
Rofol  OUtgt  (/  Burgntt  of  Atfiaml— Oklradar,  1880.    Sra 
Rotal  IriA  Aeadtmf    TVmmmUom  :  Vol.  XXVL  Scianee,  No.  22.    4ta     1 

„    XXVn.PoliteLiterotiire,No.S. 

Proceedings  Snin  IL    Vol.  IL  No.  1.    VoL  UL  Na  4.    8vo.     I87&-9. 

Irish  Mannioript  Seriea,  VoL  I.  Part  1.    4to.    1880. 

"CanniDKhamHeinoin^No.  1.    4to.     1880. 

Bofol  Soeitlf  of  Xondon— Prooeedinfi,  No*.  SOS,  206.    8to.     1880. 

K(ial  Soeitty  of  New  SotOh  Fob*— Joomal  of  Prooeedinga,  Vol.  XH.  8t<v 

St.  BarUuHomei^t  FMjg&il— Statiatioal  Tables  for  1879.    Sm     1880. 

St  r^fTtbourg,  Academit  da  Seiaiem—Uimoina,  Tome  XX VU.  Nob.  2,  S,i 

1879. 
Sanduii,  H.  BSL,  Etq.  M.A.  {the  Aulhor)—ln  the  Beginning:  Remarks  on  { 

Modem  Views  iif  Creution.     2nd  Edition.     IGto.     1880.  1 

Sanitary  ImtiluU  of  Great  £n(<i in— Transactions,  Vol.  I.    8vo.     1880.         ' 
Seha/er,  E.  A.  Etq.  (Mo  ilutAor)— Some  Teachinga  of  Development.   (K 103) 

1880. 
Smithmnian  InttUtUion,  Wtuhinglon — Annnnl  Report  for  1878.    8ro.     1879 
gmitlisoni&n  Misoellanooas  Collections,  Vols.  XVI.  XVII.     8to.     1880. 
Smithsonian  Coutributiona  lo  Knowledge,  Vol.  XXII.    4ta     1880. 
Socta^  o/' ilr<«^Joiimid  for  Feb.  1880.    8to. 
Squire,  Peter,  Eta.  F.L.S.  M.H.I.  (tA«  .iliiMor)— OompanioD  to  the  Latest  Ec 

of  the  British  Pharmaoopoeia.     12th  Edition.    8to.     1880. 
SUUiftieal  &iei>fy— Jonmal,  VoL  XLIIL  Parts  2,  3.     8Ta     1880. 
Symorw,  O.  J. — Monthly  Meteorological  Magazine,  Jnly-Oct.  1880.    8to. 
Telegn^ph  Engineert,  Society  of — Joumal,  Part  33.     8vo.     IfiSO. 
Toilcio  Univertity,  Japan — Memnira  of  the  Science  Department,  Vol.  HI.  Pi 

Meteorology  of  Tokio.     By  T.  C.  Mcndenhall.    4to.    Tokio,  1880. 
TVn/onL  F.  C— Souvenir  de  lAmphiorama.    (K  104)    8to.     1880. 
Vnittd  Serviet  JmtHution,  Royal— Journal,  No.  106.    8vo.     1880. 
VptU,  SaeUUlloyal  det  Snancoa— Nova  Acta,  Series  III.  Vol.  X.     Fasc.  2. 
1879. 
Bulletin  M^lterologiqne  Hensuel   de  I'Obanvatoire  Mc'tiSoralogiqtie. 
VIII.  IX.    4to.     1877-8. 
Vertin  tur  BefOrderung  du  Ge\eeTbfieiue$  in  Pretwien — Verhandlnagen,  11 

Heft  7.  8. 
Vidoria  InttituU—JoMTn&X,  No.  54,  55.    8to.     1880. 

Bishop  U.  Cotterell  on  the  Relntion  of  Science  and  Religion.    8vo.     1880. 
Thoma*  WardU,  Etq.  F.C  S.  F.GM.  ie.  {the  ilirfAor)— Monographs  of  the  ^ 
Silks  of  India.     8vo.     1878. 
The  Wild  Silks  of  India,  principally  Tnaser.    (L  18)    8to.     1879. 
Yorkihire  Arclixologieal  and  TojKX/rapfiical  A$»ociaiion — Journal,  Port  22. 

1880. 
ZooIojp'ooJ  SociVfy— Procee<ling8,  1880.     Parts  2,  3.     8vo.     1880. 
TransMtiona,  VoL  XI.  Part  2.    4to.    1880. 
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General  Monthly  Heeling. 
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GENERAL  MONTHLY  MEETING, 

Monday,  December  6,  1880. 

WnuAM  BowvAM,  Esq.  F.R.S.  Vioe-Prosident,  in  the  Chair. 

William  Henry  Bennett,  Esq.  FJt.C.S.E. 

Mrs.  Sarah  Sophia  Batler, 

Edwin  Cutler,  Esq. 

Frederick  James  Mirrilios,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

The  Prksents  received  since  the  last  Meeting  were  laid  on  the 
t*ble,  and  the  thanks  of  the  Members  retamod  for  the  some,  viz. : — 


n*  Lordi  of  Vit  Admiralty — Oieeawioh  Obaervations  for  1878.    4to.    1880. 

Naatical  Almanac  for  1884.     8m     1880. 
Tk«  Oovtmor  Gmeml  of  India — Geological  Surrey  of  India : 

iUoordi.    Vol  Xm.    Part  4. 
The  Seentary  of  SiaU  for  India — Account  of  the  Great  Trigonometrioal  Sarvev 
oflDdia.    VoLI.    4to.    1870. 
B.  Sewell,  Beport  on  the  Amonivati  Topo  and  the  ExcavatioDa  on  its  rite  in 
1877.    4to.    1880. 

AgHeaOuna  SocUf  of  England,  Soj/al—Joanad:    Second  Seriea.    Vol.  XVI. 

Fartl    8vo.    1880. 
Aitnmimieal  Boeiaty,  Roynl—MootUy  Notices,  Vol.  XL.  No.  9.    8to.     1880. 
BmAtn,  IndiMt  of— Journal,  Parts  11,  12.    8vo.     1880. 
Batavia  Obtervatoty—KngaMcml  and  Meteoroloeioal  Obaerratioiu.    By  Dr.  P. 

A.  Berssma,  the  Director.    8to.    BalaTia,  1^. 
BHUA  ArMteet;  Iloyal  InttiMe  o/— Proceedings,  1880-1.    Not.  3,  4,  5.    4to. 
Ohtminl  fiwMy— Journal  fur  Nov.  1880.    8to. 

OM  Sitgimtir/jiulitiUiun—maaiiei  of  Praoeedinga,  Vol.  LXII.    8to.    1880. 
i«y— TiMiMntinma.    Vol.  XIU.    8vo.    1880. 
I  Amoclntion  for  Iha  Admneemmt  of  Seimiet,  lAteraiurt  and  Art — Bnwrt 
and  TnuiMctioiu.    Vol.  XII.    8to.     1880. 
EdUor* — American  Journal  of  Soieooe  for  Nov.  1880.    8to. 

Analjat  for  Nor.  1880.    8to. 

AtbMMom  for  Not.  1880.     4to. 

OhMBkal  Newa  for  Not.  1880.    4to. 

BtaglBeer  for  Not.  1880.    fol. 

Honilof^eal  Joomal  fur  Not.  1880.    Sra 

Iron  r»r  Not.  1880.    4to. 

Journal  of  Applied  Science  for  Not.  1880.     fol. 

Natnie  tot  Not.  1880.    4to. 

Berme  Sdctitiflqne  and  BeTue  Politique  ot  Lltteralrei,  Not.    4(0.    I8M. 

Talanapliie  Joomal  for  Not.  1880.    8to. 
r^mMklmM^t    Journal.  No.  659.    Svo.    1880. 
pMpglitfniir  Steiety,  Royal— PpooetOingt,  Now  genet.    Vol.  II.  No.  II.    8Ta 

J«aniaL    ToLXLIS.    8to.    1880. 
0«ifayMaiaM'«<y— Quarterly  Joornal,  No.  144.    Sro.    1880. 
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KMaW,  nemai,  Btq.  (tha  AutSory-Tta  Word  "  MettopoUa,"  fa.  (O  17) 

1880. 
LhetwA  POyUeknle  aoektf-Jwroal:  Nor.  1880.    Sm 
MMMM«r  CMogleai  &w(<to— TtumoUodb,  Vol.  XV.  Purta  16,  17,  18. 

XVI.  Part  1.    Sto.    1880. 
JfAwAMto-  /^ttrury  and  PkOoMipftfeal  SoeMy— Hemoin :  Third  Sciiea.    V 

8T0.    187B. 
PMeeedtBsa.    VoU.  XVL  XVII.  XVin.  XIX.    8va    1877-«0. 
tfedioal  and  CSIiirurj;i'«i/  Soeitty,  Soyal— H«lioo-Chinugiad  Ti 

LXIU.     8vo.     1880. 
A'«t»xi«Ue-vpoii-7Vn«  Frtt  Lfbrarim — Ostklogae.    8vo.     IS80. 
Northo/ EnfAind  IiulituUofEngMten — Trwukctioiu.    Vol.  XXJX.    8to.     1 
PharimuYuUeal  Boeitly  of  Great  Britain— Jtouh  Bell  and  TheopUUaa  Beda 

Uutorioal  Sketch  of  the  Progreai  of  Ptmnnacy  in  Qreat  Britain.    8to.  ' 
Jouninl,  Not.  1880.    8vo. 
PhotograJUe  Soeiaty— Journal,  New  Scries,  Vol.  V.  No.  2.     8vo.     1880. 
PreuuUJta  Akademit  d«r  (ftM«n«oAa/l«n— Munatabvriohte :  Jali,  1880.     8' 
Siemau,   0.    WtBiam,   Enq.   D.O.L.   F.RjS.   U.li.I.   (Uu  AiMory-Tho 

Qoeatlon.    (K  104)    8to.     1880. 
A  POm^bomrg,  AeatUmi*  du  &<«Hwt— Bulletins,  Toine  XXVI.  No.  3. 
M^moiroa:  8<rieVU.    Toma  XXVU.  Noa.  &-12.    4to.     1870-80. 
SwoH,  J.  W.  Eiq.  (Ou  Author)— Ijoataie  on  Electric  Lighting.    (K 

1880. 
SvmoM,  O.  J. — Monthly  Metonrological  Magazine,  Nor.  1880.    8to. 
nltyrajik  Enginten,  Soeiely  o/— Journal,  Part  33.    8to.     1880.  " 

Tokiu  VnlvettUii,  Japam — Memoirs  of  the  Boienoe  Dopartment,  VoL  1.   Pal 

Vol.  U.    Mo.    Tokio,  1879. 
VitiUd  Service  Intlitution,  Boyal—Joamal,  Na  107.     8to.     1880. 
Ferwa  lur  Btfirdtrmuf  ie$  GtiatriifMMM  m  PrcMien— Verhandlungen,  II 

Heft  9. 


4ta 
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The  following  Lecture  Arrangements  were  announced : 

OonuTMAs  Lectcbbs. 
Profbwob    Dewab,    M.A.    F.R.S. — Six    Lectures   (ndnptod   to   a  Jure 
Auditory)  un  Atoms;  on  Dec  28  (Tueadny),  Dec.  30,  1880;  Jiin.  1,  4,  U,  8,  1 

Bmoius  EAaTGK,  1881. 
Pbofibsob  Edwabb  a.  SoaXraB,  F.B.S.  Fullorion  Professor  of  Physioli 
R.I. — Twelve  Lootures  on  Tbi  BumM);  on  Tucadaya,  Jim.  18  lo  April  5. 

Frakcis  HuErrsB,  Eaq. — Four  Lectures  on  Tm£  Troi'badoubs  ;  on  Thursd 
Jan.  20  to  Feb.  10. 

Pbofbssor  EitxsT  Pai-eb. — Two  Leoturea  on  Thb  Hutoby  of  Dbawuto-b 
Mvsic :  on  Thursdays,  Feb.  17  nud  24. 

Rev.  Willlah  HotniiTON,  M.A.  F.L.S.  Hector  of  Preston-on-tlie-WenId  Mo 
Shropshire. — Twn  Lectures  on  The  Piotcbb  Obiqin  or  the  Cuneutobu  Cbab 
TEBs;  on  Thursdays,  March  3, 10. 

H.  H.  Statbau,  Esq. — Four  Lectures  on  Ornasiest,  Hibtorioallt  a 
Cbitioaixt  Consioebed;  on  Thursdays,  March  17,  24,  31,  uuc]  April  7. 

SiDSET  CoLViN,  Esq.  M.A.  Slikdo  Professor  of  Fine  Art,  Cambridge, —Pi 
Lectures  on  The  Ajiazoks:  A  Chapter  in  the  Study  of  Gbeek  AJtr  t 
MvTHOuxsY ;  on  Saturdays,  Jan.  22  to  Feb.  12. 

Beoikald  Stcabt  Poole,  Esq. — Four  Lectures  on  Anoibmt  Egypt  tv  . 
Oompabativb  Uelations  ;  on  Saturdays,  Feb.  19,  26,  and  March  5,.  12. 

Bev.  H,  K.  Haweis,  M.A.— Four  Lectures  on  Auebican  Hcmobibtb; 
Saturdays,  March  iH.  2(5,  and  April  2,  9. 

Pboiwsous  Tinuall  and  Dewab  will  give  Ooursea  after  Easter. 
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The  Phenomena  of  Ike  Electric   DUeharge   with  14,400   Chloride  of 

Silver  Cell*. 

For  tho  last  six  yoare  I  havo,  in  conjunction  with  niy  friend  Dr. 
Hugo  Miillcr,  been  engaged  with  exiwriments  on  tho  oloctric  dis- 
charge, using  as  the  source  of  electricity  a  constant  voltaic  battery 
which  we  derifiod.*  It  is  in  principle  the  same  as  that  invented  by 
Danicll,  but  in  our  battery  a  solid  electrolyte,  insoluble  in  water  or  a 
weak  saline  solution,  namely,  chloride  of  silver,  replaces  the  soluble 
sulphate  of  rop]>er,  so  that  no  porous  cell  is  needed  in  the  chloride  of 
silver  battery.  The  results  of  our  experiments  my  colleagues  think 
of  sufficient  interest  to  bo  brought  under  the  notice  of  the  Members  of 
the  Boyal  Institution,  and  I  will  endeavour  to  make  them  as  clear  as 
powible  in  tho  limited  time  at  our  disposal.  I  must,  however,  ask 
your  kind  indulgence  if  I  fail,  as  I  have  not  the  practice  of  lecturing. 
It  is  true  that  it  is  not  the  first  time  that  I  have  had  the  honour  to 
occupy  this  chair,  which  1  did  upwards  of  furty  years  ago.t 

I  may  as  well  commence  by  describing  the  tool  which  I  am  about 
to  use  in  the  experiments :  the  diagram  will  help  yon  to  uwlcrstikiid 
it.  Tho  chloride  of  silver  battery  is  matle  up  as  follows  :  A  gliu-s 
tnbo  IJ  inch  in  diameter,  5^  inches  long,  and  c<mta<ning  alMiut 
3  fluid  ounces  of  liquid  ;  into  this  is  fitted  a  jiaroffin  8top]>cr  with  two 
hides  pcrforatc<1  through  it ;  through  one  of  thcso  a  sine  nnl  ^\  inch 
diameter  and  5^  inches  long  is  inserted,  and  fastened  by  molting  a 
little  of  tho  paraffin  around  it;   Uio  other  element  is  formed  of  a 

^4*ttoncd  silver  wire,  which  passi^s  between  the  stopper  and  the  glass ; 
that  tho  metallic  elements  are  zinc  and  silver.     On  the  flattened 

'  ttWer  wire  is  cast  tho  electrolyte — namely,  a  rod  of  chloride  of  silvei- 
21  incho*  long  and  ^\  diameter,  and  the  cell  is  charged  through  thu 
•ocnnd  perforation  in  the  stopper  with  a  solution  of  chloride  of 
aniraonium  containing  2}  ])or  cent.  t>f  suit  (Fig.  1).  When  tho  circuit 
ia  not  cloaed — tiiat  is,  when  the  silver  element  is  not  connected  by 
meana  of  a  ooadnctor  to  tho  zinc,  no  action  whatever  takes  place ; 
and  in  proof  gf  Uiia  I  may  stato  that  I  havo  a  battery  which  waa  made 

*  'Plill.  Tnuu.'  Putt  I.   vul.  rUix.   pp.  i&-I2I,  pp.   1S»-24I ;    tqL  eUxi. 
pp.  a*)-!!)}. 

t  M*y  I'J.  1837. 
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up  more  tbao  six  yoars  ago,  and  is  Btill  in  action,  loss  of  the  fluid 
evapuration  havin<j[  been  from  time  to  time  made  np.  Bat  as  boo 
connection  is  estahliRhcd,  then  the  ehhirido  of  silver  parts  with 
chlorine  and  the  zinc  dissolves,  and  metallic  silver  is  separated. 


spongy  state,  from  the  chloride,  and  remains  attached  to  the  silt 
retaining  still  the  form  uf  a  rod.     Such  an  clement  has  the 
motive  force  of  a  volt,*  nearly  (1-03  volt). 

A  Volt  is  that   clcftrouiotive  force  whicli,   working  throni 
resistance  of  one  Ohm,  would  deposit  0'00113G3  gramme  of  j 
from  a  salt  of  silver;  or  decompose  D'OOOOSl?  gramme  (01^ 
grain)  of  water  in  one  second. 

A  column  of  mercury  at  0^  Cent.,  one  8<iuaro  millimetre  in  i 
and  1-05  metro  high,  offers  a  resistance  of  1  ohm;  a  pure 
wire  i^g  inch  diameter  iind  129  yards  long  otters  a  rcsistancel 
ohm. 

These  colts  are  grouped  together  in  trays  containing  twent 
more,  and  the  trays  are  placed  in  cabinets  c<iutaining  in  c 
instances  1200  cells,  in  others  2160  cells ;  a  cabinet  of  1200  eel 
shown  in  Fig.  2.  The  total  niiinbcr  of  elements  I  am  about  to  ui 
1-1,400,  and  these  possess  a  {Potential  uf  14,8'32  volts,  which  is 


*  The  nnita  adopted  for  eleolricat  meararementa  are  llioso  of  the  Centin 
Gramme  Second  (C.  G.  8.)  :  where  the  lengili  is  I  centimclrc,  tlie  mou  1  grat 
and  ttie  interval  of  tiino  I  second. 

The  expression  fur  (he  volt  in  this  system  is  10*  C.  G.  S. 
n         ohm  „  10"      „ 

„  „         micrnfarad      „  10""  „ 

For  a  oomplele  account  of  those  and  oliicr  units  see '  Everett's  Units  and  Phyi 
CfiDstants,  1879.    Maomillan. 
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Bidentbly  greater  than  that  of  any  battery  hitherto  united  in  Bories. 
The  illustrious  Sir  Humphry  Davy  used  in  1408,  in  this  theatre,  a 
battery  of  2000  plates  4  inches  stiaare,  with  double  plates  of  copper, 
tbo  buttery  beiuu;  charged  with  a  dilute  mixture  of  sulphuric  and 
nitric  acids.  With  this  magnificent  instrument,  placed  at  his  disposal 
by  the  8ul>8cription8  of  a  few  ]>atrons  of  science,  he  obtained  a  spark 
to  3*4  of  an  inch,  when  the  terminals  wore  made  to  approach  each 


1 

70 


Fir:.  2. 


other  (•  strikinK  distance  of  ^i,  of  an  inch  would  aooord  with  our 
cxperiniuuts  with  the  chloride  of  silvi-r  battery,  if  the  diffurenco  of 
[Hjlential  of  the  two  batteries  is  taken  into  account).  When  the 
ditu-hargti  ha<l  once  taken  place^  then  tlii-^  ti-rmiiials  might  be  Mi{)«rttt«d 
i  ini'h(«  without  causing  its  di8<Hjntinuancc. 

Viy  frioDil  the  ]at«  Mr.  QaMiot  ooustructod  servnd  battorirs  of 

2  %2 
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high  putential,  and  at  tho  titno  of  his  death  there  wcro  J 
Loclanche  cells  in  action  ftt  his  laboratory;  on  January  2(ith,  | 
I  measnrod  tho  lougth  of  tho  spark  between  points  and  found  it  t 
0-025  inch  ;  3000  of  oar  coUh  prmluced  a  spark  of  more  than  t 
this  length,  namely  0'0564  inch,  on  account  of  its  better  iusu' 

I  propose,  in  order  to  show  tho  power  we  have  at  comtni 
the   first   instance   to   nccninnlate,    by   moans   of  a  condon; 
electricity  from  3210  colls,  and  to  send  its  charge  through  a  p' 
wire  b'j  of  an  inch  thick.     In  charging  the  condonscr  I  will  pas 
current  through  a  voltamotor,  in  order  that  you  may  judge  oi 
very  small  chemical  force  concerned  in  tho  production  of  the 
muus  mechanical  effect  of  the  electric  discharge.     I  may  as  n 
once  toll  yf)U  that  the  current  necessary  to  charge  the  condensel 
employin;!  would  decompose  merely  y^'uT^  of  a  grain  of  water, 
first  of  all  pass  tho  current  from  twenty  colls  through  the  voltail 
you  will  see  that  there  is  a  rapid  evolution  of  mixed  gases  (o: 
and  hydrogen)  into  which  tho  water  is  resolved.     Tho  ovolatii 
gas,  yon  will  at  onoe  perceive,  is  very  ranch  slower  when  tho  am 
is  charging  tho  condenser;  also  it  is  more  rapid  at  first  andl 
gradually  lessons,  and  would  eutiroly  cease  if  there  were  no  lei 
of  tho  charge. 

When  I  send  the  charge  of  tho  condenser,  which  has  tho  onon 
capacity  of  42  •  8  microfarads  *  (or  equal  to  G185  Leydon  jors,  like 
I  have  before  me,  which  has  coatings  of  412  square  inches),  thr 
2^  inches  of  gold  wire  ^\  inch  diam.  strained  on  a  gloss  plato,  it  wi 
violently  deflagrated  with  a  loud  report,  and  tho  motnl  will  be  scat! 
into  dust,  which  tho  microscope  shows  to  bo  coiiiposed  of  miniitomcl 
globules,  aud  nut  an  oxide  roeultiog  from  combuiitiou.  Faraday  pr 
that  tho  quantity  of  electricity  necessary  to  produce  a  powerful 
of  lightning  would  result  from  the  decomposition  of  a  single  gra 
water.  This  can  bo  roalisod  when  it  is  remembered  that  it  woul 
&000  times  as  groat  as  tho  charge  of  tho  42 '8  m.f.  condenser 
shown  you.  If  wo  place  the  gloss  plate  on  which  the  wire 
strained  before  the  microscope,  then  it  will  be  perceived  that 
distribution  of  particles  of  gold  is  not  uniform  along  tho  spaco  w 
the  wire  occupiod.  but  on  tho  contrary,  thoy  present  a  stral 
appoaninco,  indicating  a  series  of  pulsations  during  tho  apparc 
itmtautanouns  discharge.  I  ho]Ki  to  show  you  shortly  that  the 
stca<ly  discharge  through  a  vacuum  tube  is  in  reality  iutormitten' 

As  I  shall  for  tliis  purpose  cause  the  current  passing  tlirougl 
tubo  to  pass  at  tho  same  time  through  an  induction  coil,  so  a 
induce  a  secondary  current,  I  will  render  evident  to  you,  in  a  stri! 
manner,  that  when  electricity  is  caused  to  pass  through  a  wii 
induces  another  or  secondary  current  in  an  adjacent  wire.     I  1 

*  A  oondenaci',  which  holds  the  charge  of  a  current  produced  by  1 
working  fur  1  sucoml  throngh  a  re^etaiicc  uf  1  ohm  (o  a  potenljitl  t]f  1  vult 
the  ciipiicity  of  1  fftnul.  Tlio  fara<l  in  tmi  larjL^i  n  ijunntity  f«r  practical  purp 
therefore  tho  miltioiith  purt  of  it,  or  tliu  micTufnriul,  is  cmplnywi  ag  tho  on 
capncity. 
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here  two  insnlatod  wires,  each  350  yards  long,  coiled  side  by  side 
on  a  reel ;  to  tlio  extremities  of  one  coil  is  att<>«hcd  a  platiunm  wire 
six  inches  long  and  ^^  inch  diameter ;  through  the  other  coil  I  will 
send  the  charge  of  electricity  from  a  condenser  of  seven  microfarads 
capacity  (abont  the  sixth  of  that  jnst  used)  charged  with  10,800  cells. 
You  perceive  that  the  platinum  wire  is  violently  doflagnitod  with  a 
li.'ud  report  by  the  induced  current. 

The  mochanic4kl  etfi^cts  produced  by  the  charge  of  a  condenser  arc 
as  the  square  of  the  number  of  cells  used  to  charge  it,  and  although 
the  condenser  wliich  I  have  just  used  has  only  one-sixth  of  the 
capacity  of  that  I  first  showed  you,  yet  its  mechanical  effects  nre 
nearly  twice  a«  groat ;  for  the  square  of  10,800  is  to  the  square  of 
ii240  as  11  to  1.  In  order  to  show  the  enormous  power  of  its  charge 
1  will  send  it  through  29  inches  of  platinum  ^^  of  an  inch  in 
diameter ;  this  is  immediately  deflagrated.  And  if  I  allow  the  charge 
to  pass  between  the  terminals  of  a  discharger  the  loud  report  of  the 
spark  renders  evident  the  enormous  power  stored  up  by  the  condunser. 
I  bad  honied  to  show  you  the  conilenscr  charged  with  11,400  cells, 
but  it  is  nut  capable  of  withstanding  tliis  }N)tcntial,  for  one  after  the 
other  of  the  cooted  glass  plates,  of  which  it  is  made  up,  has  broken 
<liiwn  with  the  charge  shortly  before  the  lecture. 

In  order  to  afford  you  an  op|H>rtunity  of  forming  a  pictorial 
Iciiuocptiun  of  that  whicli  it  is  wished  Ut  convey,  re8|>ecting  the 
Ifrtrntifiod  discharge,  I  will  recall  to  your  recollection  an  experiment 
lofiru  tJiown  to  you  by  Dr.  Tyndall  (Fig.  8).  With  a  restirvoir  of 
L«ratvr,  placed  at  a  height  of  a  few  feet,  when  tlie  tap  at  the  lower 
urtiim  is  tnme<l  on  the  water  flows  out,  apparently  in  a  continuous 
I ;  but  when  the  thrcoil  of  water  is  exainineil  by  nivauH  of  an 
Blermittent  beam  of  light,  it  is  at  once  seen  that  the  flow  is  not 
letiutiDUoas,  but  (in  consequence  of  the  tendency  of  water  to  assume 
[i*  globular  form)  the  stream  as  it  descends  breaks  up  into  a  scries 
lof  drops,  one  following  the  otiicr  in  rapid  succession.  It  is  not  my 
Iparpoeo  here  to  refer  to  the  cause  of  the  phenomenon,  wbicli  has  been 
Icxpbuaod  to  yon  by  Dr.  Tyndall  in  bis  lectures  on  Sound,  but  only 
to  recall  this  elegant  experiment  in  t.nler  to  present  a  menial  picture 
iif  what  may  occur  in  the  aggregation  of  the  molecules  of  gnsos 
reunveyittg  electricity. 

Now  I  will  cause  a  discharge  of  electricity  to  {mss  through  a 
[vacaiuii  tube  containing  residual  carbonic  acid  at  a  pressure  of  0*5 
[lillim.  (.Fig.  4),  and  you  will  at  once  perceive  that  the  residual  gas 
itMlf  into  a  seric«  of  luminous  strata,  the  molecules  which 
■poM  them  being  held  together  by  the  balance  of  electric  forces, 
Fvkonws  in  the  case  of  the  water  stream  the  particles  coro]>08ing  the 
'globules  are  hold  together  by  cohesive  attraction. 

TImi  rtnita  do  not  flow  on  like  the  drops  of  water,  but  remaiu 
■Utiottary  ;  thry  an*,  as  it  were,  ro  niiiny  Lcyden  jar»  chargoii  on  one 
side  with  positive  and  the  other  with  uegitlivc  electricitr  ;  each  imparts 
•ay  ita  piMttivc  charge  to  the  next  negative  end  of  iba  sncconliug 
•tratinu,  and  receives  a  charge  from  thut  behind  it ;  and  thus  tliu  flow 
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of  doetrioity  goo*  on  froui   one  ti<rininal   to  the  other  without 
aoTWMmt  of  the  strata  nucmwirilj  taking  {lUco. 


Fill.  3. 
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If  wo  examine  the  electric  arc  passiug  between  the  terminals  of 
a  battery,  either  at  ordinary  atmoepheric  pressare  or  at  other  less 
pressures,  it  is  seen  thut  t)iero  is  a  resemblance  to  the  discbargo  in 
vacnnm  tubes,  the  light  omitted  by  different  parts  of  it  not  having 
the  Fame  intensity  thronghout,  and  that  under  most  circumstances 
there  is  a  tendency  to  break  up  into  distinct  entities  of  the  nature  of 
strata  and  ultimately  to  take  a  stratified  appearance  like  the  discharge 
in  vacuum  tubes;  from  this  wo  may  infer  that  the  discharge  in  a 
Tocuum  tube  is  in  reality  a  magnified  arc. 


I  caunut  show  these  phenomena  in  a  way  thut  you  c-uuld  make 

[them  out   at   the  distance  you  are  from   me,  but    I  will,  with  the 

■iatanco  of  Mr.  f^ttrdl,  exhibit  to  yon  copies  ><f  photographs  of  the 

'  are  ia  atmospheric  air  (a  to  n,  Figs.  6  and  5a  I  taken  in  my  laboratory 

vnder  Tuioos  condiiioua  oa  Uj  distance  botwoon  the  terminals  and 

proBsnra,  m  sot  forth  in  the  foUowbg  table : — 
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I  can  let  you  see  the  arc,  although  I  am  anable  to  show  the 
details  of  its  structoro ;  thuH,  whun  I  move  the  discharging  key 
the  arc  passes  lictnreen  the  two  points  0-7  inch  apart  fixed  in 
the  micn^nioter-dischargcr  (Fig.  G),  in  which,  however,  the  terminals 
shown  consist  of  a  point  and  disc,  instead  of  two  |ioint8,  which  I  oia 
now  using.  And  I  niay  mention  that  before  the  discharge  takes 
phice  tlicre  is  neither  ciiii<loiisation  nor  dilatation  of  a  gaseous  medium 
in    contiguity   with   the  charged  terminals,  its  has  been   suggested, 


Fio.  6. 


Bvcr  may  t>u  their  fonii.     The  length  of  the  arc  varies  with  the 
Itial  of  the  batt«-ry,  and  with  Uie  form  of  the  lenniuals ;  between 
mintii,  the  length  of  tlie  striking  diHtunee  increasr<8  as  the  stfuare  of 
number  tif  etdls  em|ih>yod.     Thux.  with    1000  ctdls   tlie   striking 
liaUniH.'  is  00051  inch:  with  11,000  ctdls  it  is  0-C2  inch,  as  shown 
tlta  diagram  (Fig.  7).     Tho  potential  of    11,000  <X'lls  put  our 
of  insulation  to  a  severe  tost,  and  11,400  ixdls  overconiva  it  to 
'mcll  an  extent  as  to  interfere  no  seriously  with  tho  striking  distance 
Ihut  I  only  obl4kin  »  H|Mtrk  0°7  inch  long. 
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On  tlio  sappositiuD  that  •  clnnd  would  aet  very  much  as  . 

Lint  at  the  gn»i  diBtance  at  which   a   liglitniog  discharge 
k«»«en  oluuda  or  a  cloud  and  the  earth,  we  may  from  the 


Fio.  7. 


CAlciiIat«  the  potential  necessary  to  produce  a  lightning  flash  a  u 
or  63,3()0  inches,  long.  It  would  require  nearly  2-13  units  of  14  ■ 
cells  united  in  series,  or  say  3,500,000  cells  about. 

The  striking  distance  may  be  increased  by  an  nrrangenienl 
condensers  to  firm  what  is  calle<l  a  cascade,*  and  in  this  way  I  si 
l>e  able  to  produce  a  spark  an  inch  long  with  only  1200  cells.  Sue 
battery  1  now  use  to  charge  twenty-five  plates  of  a  small  condenser,  a 
by  means  of  a  rotating  commututor,  connect,  so  to  speak,  the  outs 
of  one  plate  to  the  inside  of  the  next,  and  thus  multiply  the  potent 

*  Tlio  battery  itself  is  a  casoiide. 
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twenty-five  times;  1200  oella  have,  as  you  see,  a  very  short  etrikiug 
diataooe  ;  it  is  only  0' 00608  inch,  bo  that  the  spark  obtained  with  the 
cascade  is  161  times  as  long  as  with  the  battery  alone.  If  there  were 
no  lr«8  in  converting  quantity  into  potential,  it  would  be  625  times 
or  the  square  of  25.  The  apparatus  I  oni  using  is  the  8o-calle<l 
Rhe(.i6tat  of  Gaston-Plantt',  Franklin,  it  will  be  remembered,  was 
the  inventor  of  the  cascade.  It  is  not  imi>u6fiible  that  the  effects  of 
lightning  may  at  times  bo  increased  by  a  kind  of  cascade  arrange- 
ment formed  by  the  charged  layers  of  cloud  floating  one  over  the 
other. 

Between  discs  the  law  of  the  electric  discharge  is  not  the  same  as 
between  points;  its  length  does  not  iucruaso  nearly  so  rapidly,  as 
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will  bo  seen  by  a  reference  to  the  diagrain  (Fig.  7),  which  represent* 
Um  djacharge  between  two  {xiiuts,  a  point  and  diKc,  U'twccn  spherical 
■iirlaoos,  and  between  couceutric  cylinders.  But  the  increment  of 
potential  neoeaaaiy  to  produce  a  discharge  for  a  given  diat*noo  between 


[diaoa,  Wkj  a  ocntimctns  b<<c<imo8  Icae  ns  tbc  distance  between  diect 
f  oonaeqnently  Uiu  jiotvutial,  arc  increased.  Thus  the  clectroetatic 
per  oentimetre  with  1000  toUb  and  a  striking  distance  of  0' 
oentimetre,  i«  163  uIoclruHtatic  nuitti,  while  it  is  only  113  nni^ 
11,000  rolta  and  n  etriking  diRtancc  of  0-3245  ccntiniLtre.  ^| 
We  have  fonnd.  moreover,  that  the  discharge  between  diaavl 
hydrogen,  carbonic  acid,  and  probably  also  in  other  gneos,  mi 
n<|irL«ento<l  by  a  hyperbidic  curve,  and  this  is  tlio  case  whetb< 
euud  the  discharge  through  the  gas  at  a  oonstant  presenre  and  inc 


tlio  distances  butwccn  tlio  terroinals  and  ulso  tho  unmbor  of  cells, 
«L^ud  the  discharge  at  a  constant  (l:at  mce  ami  vary  tho  pressure  a 
iiiiiiiUt  of  ccIIb  ;  the  obstiiclo  in  tho  way  c>f  a  discharge  being  as  1 
uuml>or  of  ni<iluculee  bt>tivucn  the  tcriiiiiials  up  to  a  certain  pmnt, 
will  bo  seen  iu  tho  diagriiras  (Figs.  8  ami  !)),  in  which  the  cross  luai 
roprcKOut  tho  actmil  ohsurvatious,  For  nUlniui^h  tlie  iwtteuttal  ncc 
6ary  to  produce  a  discharge  diuiiuishot  as  tlic  pressuro  decreases,  j 
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this  U  trae  only  up  U^  a  certain  limit ;  after  this  has  beeu 
rapidly  incrbascs,  aud  nltiniatvly  tlio  roBiBtauco  becomes  so  ^ 
tlie  Kxhanstiun  ia  carried  furtliur,  that  it  is  e  isier  for  a  spark  '■ 
between  tcmiiaals  placed  at  the  same  diatanco  ontsido  the  tube i 
at  atniosphoric  pressure.    The  diagram,  Fig.  10,  in  which  the  afa 
art)  the  cuIm!  routs  of  the  preunrea  in  milliouths  of  ao  atmoa 
and  the  ordiuntos  the  nnnibor  of  cells  necessary  to  prodg 

charge  in  a  hydrogen  tobo  30  inches  between  the  terminals,  1 

results  of  uxporiiuont.  The  prossuro  of  minimmn  resistano^i 
fur  different  gases.  Wo  have  detormined  it  to  be  0  *  642  mm.  = 
millionths  of  au  atmosphere  for  hydrogen,  at  which  pressn 
potoutinl  necessary  to  produce  a  discliargo  through  a  tub 
terminals  SO  inches  apart  was  found  to  bo  only  480 
pressure  of  0*0065  mm.,  8*6  millionths,  it  requires 
{tutential,  8937  cells,  as  at  a  pressure  of  21  -7  mm.,  28,5')3  millioi 
to  cause  the  discharge  to  take  place.  At  0-00137  mm.,  1-8  milliu 
11,000  colls  will  not  ]ia88.  The  greatctst  exhaust  we  have  nbtai 
in  a  hydrogen  vacuum  and  an  absorption  by  spongy  palladium 
0*0000^5  mm.,  0  07  millionth,  which  offered  so  great  a  reaistt 
that  a  1-inch  spark  from  an  induction  coil  could  not  trarerse 
tnixi.  I  will  now  exemplify  what  I  have  said  by  showing  you  a  I 
with  an  absorption  chamber  (Fig.  11).  I  expect  thiit  the  vact 
will  prove  to  bo  so  good  that  the  whole  of  the  battery,  14,400  a 
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i 


2200     a-h      Voliiints 


will  not  cause  a  current  to  pass :  yon  see  there  is  iin  illuminatioE 
the  tube  ;  if  I  now  heat  the  absorbing  lunterial  so  as  to  cause  gas 
enter  the  tube,  then  the  discliiirgo  of  a  much  stiiallcr  number  of  oe 
nnmoly  3600,  illuminates  the  tube,  and  if  I  allow  it  to  cool  again  I 
discharge  ceosos. 

It  has  been  suggested  that  tboro  ia  a  polariflation  of  the  tcrmin 
of  a  vacuum  tube  during  the  jiassage  of  electricity  just  like  tl 
which  <H;cura  in  a  voltamotor,  aud  that  this  increases  tlio  obstacle 
tho  discharge  ;  but  by  an  clnliorate  series  of  oiperiments  wo  ha 
provi>d  that  such  is  not  the  cose  under  the  conditions  of  the  exiio 
meut.  It  is  quite  trui^  tliat,  after  the  connection  between  the  batte 
onil  the  terminals  of  the  tube  has  boon  lirokeu,  there  is  a  deflection 
tho  ueeille  whou  they  are  connected  with  a  galviinometor,  but  we  ha 
shown  tlmt  this  is  entirely  due  to  n  uiiuuto  static  charge  proportiona 
to  the  capacity  of  the  terminals,* 
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Our  experiments  •  enable  ub  to  throw  some  light  on  another 
attnuspheric  electrical  pheuomonoD — namely,  the  probable  height  of 
the  aurora  borcolis,  whicli  the  accorapnnying  figure  (Fig.  12)  of  a 
discharge  roughly  reeenibleo.  I  will  now  puss  the  uurront  of  the 
whole  14,400  cells  through  the  large  tube 
199,  containing  a  residual  charge  of  atino- 
sphoric  air  at  a  pressure  of  1  tnillimetro, 
and  you  will  perceive  a  carmine  luminosity 
touching  the  positive  pole  and  reaching  half- 
way down  the  tube.  This  reminds  one  of 
those  ruddy  glows  frequently  seen  in  auroml 
displays.  Fig.  12  in  the  plate  is  copied 
from  a  photograph  since  taken  in  my  lubii- 
ratory  of  this  appearance.  Around  tlii; 
bright  luminosity  is  a  dark  band  which 
shuts  off  a  portion  of  the  fluorescence  of  the 
glass  tube,  a  blue  fluorescence  produced  by 
the  ruddy  light  of  the  luminosity,  showing 
that  around  the  luminosity  there  is  an  ab- 
sorbent zone  of  less  elevated  tempemtiire. 
Many  estimates  have  been  made  fnira  time 
to  time  of  the  heiglit  of  anrortc,  foundt"! 
upon  observations  made  by  persons  nt  a 
distance  from  each  other,  and  supposed  to  be 
observing  the  same  feature  in  the  display ; 
but  it  must  be  remarked  that  there  is  ahvnys 
much  uncertainty  in  these  estimates,  from 
the  difficulty  of  knowing  whether  the  dif- 
ferent observers  have  noticed  the  solf-samo 
streamer.  Frequently  very  considerable  altitudes  have  b  •  ii  :>~>i^'ned 
to  those  displays;  for  example,  as  much  as  281  niileti.  Wu  t^hall 
pnwently  see  that  it  is  very  improbable  that  any  electrical  discharge 
coold  occur  at  such  a  height.  We  have  calculated  from  cx})etiment 
that  the  pressure  of  least  resistance  for  air  is  0*397  millimetre, 
498' G  niillionths,  and  therefore  in  air  it  results  that  a  maximum 
electric  discharge,  and  consequent  brilliancy,  of  the  aurora,  would 
occur  at  an  elevation  whore  the  atmosphere  has  that  pressure — 
namely,  37*67  miles.  The  greatest  exhaust  wo  have  pnxluccd — and 
this  has  not  been  surpassed — is  0*000055 millimetre,  0*07  millionth, 
which  is  the  pressure  the  ntmosphoro  would  have  at  81*47  miles; 
and  as  11,000  cells  foiled  to  produce  a  discharge  even  in  hydrogen  at 
this  low  preasnre,  it  may  l>o  assumed  that  at  this  height  tlie  discharge 
woold  bo  oousiderably  less  brtlliaut  than  at  37*67  miles,  should  auoh 
ooenr.f 

At    ft     height    of    281     miles    the    atmosphere    would    only 
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bmvo  A  pnMsnro  of  0-00000000000000000000018  milliq 
0-00000000000000000024  uiillionth,  and  oycn  at  124  16 
height  tho  fttmnepboric  premnro  wonlci  bo  only  0  -  00000001  ml 
or  0  -  00001  milliunth.  It  is  bighly  improbable  that  a  display  \ 
would  ocoar  at  a  height  even  of  124  miles,  and  it  is  difficult  ta 
that  an  electrical  potential  could  {Miwibly  exist  necessary  to  ^ 
the  enormons  resistance  that  would  be  offered  at  281  miles,  thi 
of  the  air  iKring  54,000,000,000,000  (54  million  million) 
great  as  at  124  miles.  , 
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There  arc  some  phenomena  connected  with  tho  diechar 
tho  voltaic  battery  which  I  will  bring  under  notice  be 
proceed  to  tho  study  of  the  discharge  in  vacnum  tubes, 
already  spoken  of  the  difference  in  the  length  of  the  i. 
botwo(^n  ]H)int8  unil  discs  ;  and  1  hayo  now  to  call  your  attf 
tho  influence  of  the  form  of  the  point  on  the  length  of  tho  sp^ 
tirct  it  would  naturally  bo  supposed  I 
longest  discharge  woulil  occur  with  the  i 
point,  but  this  is  not  the  case;  a  great 
of  oxperinioiits  with  various  forms  of  poi 
shown  that  a  point  in  the  form  of  a  pa 
gives  the  longest  spark ;  and  longer  in 
portion  1-29  to  1  tlmn  one  in  the  form  ( 
of  tho  BAino  longth  and  diameter  at  il 
It  is  difficult  to  account  for  tliis  diffa 
tho  length  of  tho  spark,  but  it  is  evid 
potential  must  bo  greater  at  the  oxtron 
parabidoidal  ]H>int  than  it  is  at  the  el 
of  a  conical  one  (Fig,  13). 

If  a  point  and  a  disc  be  used  togi 
terminals  and  tho  point  bo  mo^lo  alternately  positive  and  i 
thi)  spark  is  longest  when  the  point  is  negative  for  low  ten 
to  3OO0  colls,  and  longest  when  tho  point  is  positive  boyc 
numbor. 
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plAtinam,  mAgnesiam,  uid  grnpliitc,  all  givo,  nndor  siinilar  ci) 
Btmnces,  procisely  the  same  lougth  of  sjiark :  alumiuiam,  hoi 
giyea  a  spark  longer  in  thu  proportion  of  five  to  four.  ■ 

Boforc  tbo  spark  jumps  ami  tho  arc  forms  it  is  preceded  HP 
wa  hsTB  called  the  streamer  discharge.  This  is  different  in  appei 
ftt  the  positive  and  negative  terminals.  Yon  are  not  able  to 
characteristics  now  that  I  produce  tlic  streamer  discharge  befil 
bnt  they  are  represented  enlarged  on  the  diagram  ;  the  termini  ' 
Bnppoflod  to  be  a  point  and  a  disc,  and  tho  point  being  mad 
nately  positive  and  uogntivc.  When  the  point  is  positive  the  dii 
takes  the  form  of  a  scries  of  twistcil  streamers  (Fig.  14^ 
ne^ptttve  it  is  in  the  form  of  a  brush  (Fig.  15).     Tho  currea 

Flu.  15. 


liikcs  place  in  tlio  form  of  streamers  at  a  distance  but  a  very 
beyond  the  true  tttriking  distance,  namely,  tluvt  at  which  the 
formed,  is  only  the  jsV^i  1"^'"'  of  the  current  which  jwBses  with  tl 
and  this  is  only  one-half  of  that  of  tho  battery  when  short-cin 
When  the  streamer  ilisclmrge  is  examined  in  a  rotating  mirror  ' 
microscope  suitably  constrncted,  it  is  seen  that  tho  nogntivo  can 
much  tho  more  continuous,  for  with  the  same  velocity  of  the  ro 
mirror  the  poKitivo  discharge  breaks  up  into  a  scries  of  distinct  ii 
whilst  tLe  light  of  tho  negative  is  spread  out  into  a  sheet,  as  yo 
see  on  the  diagram  (Fig.  IG).     Tho  above  effects  wore  proilHCw 
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ISOOO  cells,  but  with  11,000  cells  wo  obtained  a  farther  confirmation 
of  them,  the  effects  being  shown  in  another  figure  on  the  diagram  (Fig. 
17^,  which  represents  a  streamer  discharge  between  two  points.  Tho 
negative  discharge  is  a  brush  which  is  seen  continuously  on  the  lower 
tenainal,  while  the  positive  consists  of  a  scries  of  intermittent,  cver- 
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Sging  spiral  stroamors  wbicb  envelop  tlio  negative  bmsh  discharge 
[without  in  tho  least  disturbing  its  form.  They  go  past  the  negative 
point  and  then  curl  upwards  towards  it. 

If  1  insert  a  very  high  reeistancv  between  the  battery  and  the 
terminals  the  streamer  discharge  ceases,  and  a  static  spark  posse* 
from  time  to  time   whicb   is   exactly   like   that  from  on   ordinary 

Ifrictional  machine ;  it  pierces  n  thin  strip  of  paper  just  as  a  static 
charge  would  do.  Tho  battery  gathers  up  at  intervals  a  charge  at 
the  terminals,  and  the  discharge  occnrs  as  soon  as  the  potential  is 
Bnfficient  to  force  its  way  across  the  obstacle  opposed  by  the  int«r- 
Teoingair. 

The  same  thing  oocors  if  I  attach  a  condenser  to  tho  terminals  of 
the  battery :  it  takes  a  longer  time  for  the  battery  to  charge  it,  and 
conseqnc&tly  tho  discharge  occnrs  at  longer  intervals,  shorter  or 
longer  according  as  tho  terminals  are  adjusted  to  a  less  or  greater 

Pdistanco.  The  condenser  I  am  now  using  has  a  capacity  of  1  ■  5  mioro- 
'fcrad,  and  hence  the  accumulated  charge  is  very  considerable,  and 
the  discharge  is  like  that  of  a  powerful  electric  battery.  Dut  whether 
tho  capacity  of  tho  accumulator  bo  largo  or  by  comparison  infiniton- 
mally  small  like  that  of  tho  points  in  the  discharging  micrometer, 
tLen>  is  always  an  interval  of  time  which  elapses  between  sucoessiTO 
diaohargCB ;  the  interval  may  be  so  extremely  minute  tliat  thonaands 
of  millions  of  discharges  may  oocnr  in  a  second,  but  the  flow  is  never- 
thaleiM  diaoontinnons,  like  the  drops  constituting  the  stream  of  water 
balbrB  referred  to. 

I  will  cndcavuur  to  prove  to  you  that  an  apparently  perfectly 
steady  discharge  through  a  vacuum  tube,  in  which  there  is  no  apparent 
motion  of  the  stntta,  and  in  which  even  the  rotating  mirror  would  fail 
to  detect  any  intermittencc,  is  novoriheleea  discontinnousL  It  is  tmo 
tliat  tho  period  of  pulsation  must  be  of  a  very  high  order,  millions  in 
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neccaauy,  thcroforo,  to  havo  reoonzse 
I  detect  it,  which  I  will  dcscribo. 
The  eoirent  from  tbo  Iwtterj-  of  2400  colls  is  made  to  paasi 
the  primary  of  aa  indnction  ouil,  and  tlirn  tbrongh  a  vacunm  t< 
^_,.  142,  Fig.  1 1  in  the  plate — tl 

18  ciipitHl  from  a  photogn 
lained  iu  2J  gocouilij)  coDfa 
residue  of  carbonic  acid  at  aj 
of  0*4  millimetre.  The  • 
mont  is  shown  in  Fig.  IS 
T  T'  is  the  Tacnnia  tnbc  cO 
in  circuit  with  the  primary 
819;  Z  A  the  battery,  on 
side  connected  with  fluid  rea 
F  R,  F  R',  and  wire  red 
amoautiug  in  all  to  a  mcgoh 
the  Z  side  is  shown  a  cond 
ctmnccted  through  a  fluid  re 
F  R"  with  tiu>  Z  pole  Tly 
nals  of  the  secondary  wire 
induction  coil  arc  connected 
B4.'UKitiTo  Thomson  galvau 
If  there  is  nuy  iutcrmittouc 
cnrri.'nt  through  the  tube,  « 
will  be  produced  on  tbo  ) 
meter  under  certain  cirrun 
that  is,  provided  the  rise  i 
of  the  current  occur  in  i 
]ierio<li<.  I  will  now  make 
tiou  with  the  battery  ;  yoni 
that  there  is  a  deflection  of, 
vanoraeter  to  the  left  on , 
contact ;  I  will  now  allow  I 
of  light  to  come  to  rest,  a 
break  contact,  and  there  is  i 
lion  in  tbo  reverse  directb 
is,  to  the  right.  The  first  i 
the  inverse  current,  the  ) 
direct  current  I  will  now  i 
carrent  again  through  the 
of  the  indactiou  coil  and 
through  the  tube,  but  iu  i 
instance  I  will  sbort-ciK 
secondary  current  so  that  tb 
noracter  may  not  bo  disturbc*!  whuu  the  connection  with  the 
is  mode ;  now  that  the  strata  are  perfectly  steady,  I  will  al 
induced  eurreut  to  go  thn)ngh  tbo  galvanometer  by  removing  tb 
circuit  plug,  and  you  see  that  there  is  a  slight  jieniiaHeiit  di 
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of  the  galvanometer.  This  liliofvs  that  tho  discharge  in  the  vacuum  tube, 
although  apparently  quite  stuady,  is  a  puUuting  one  ;  as  tho  swing  is 
to  tho  right  wo  know  thot  tho  current  is  a  direct  or  break  contact  one, 
thus  indicating  that  tho  discharge  through  the  tubo  increases  compara- 

Fia.  18. 
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tirely  slowly,  then  drops  more  suddenly.  If  the  rise  and  fall  wero 
in  oi]ual  tiiiice,  there  would  bo  no  deflection  of  the  galvanometer. 

If  tho  terminals  of  a  telephone  are  placed  in  tho  circuit  between 
the  battery  and  a  vacuum  tube,  tho  pulsationR  are  sometimes  suffi- 
ciently slow  to  produce  audible  sounds  when  tho  telephone  is  placed 
to  the  ear.  But  tho  telephone  is  not  adapted  to  ronder  evident  intor- 
mittencos  of  a  very  high  order. 

There  is  a  remarkable  phenomenon  which  occurs  when  a  chaivo 
is  sent  tlirough  a  closed  vessel  containing  air  or  gas,  within  certain 
limil«  of  proesnrc,  which  I  will  endeavour  to  show  yon.  As  soon  as 
the  ooniiection  is  made  between  the  battery  and  tho  terminals  a 
midden  expansion  of  gas  takes  place,  as  you  will  see  (Fig.  19)  by  the 
depreanon  of  tlie  mercury  in  tho  gauge  connected  with  the  boll  jar, 
■ad  a*  soon  as  the  connection  with  tho  battery  is  broken  tho  gna 
ntoms  suddenly  almost  exactly  to  its  original  volume,  showing  only 
•  small  incroaso  duo  to  a  slight  elevation  of  t4<m|>erature ;  tho 
mercury  iu  the  gauge  risofi,  thureforv,  nearly  to  it«  urigiuol  ixcition. 
Tbo  efbot  i«  siimlar  to  that  which  would  bo  produced  if  an  empty 
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Wad^tffT  ■naposdoil  lictwocn  thu  tormiiials  luui  been  sadttenly 
Mid  M  aodaenly  wnptiod.    The  mtiu  uf  tlic  incrcoiicxl  volame  (| 

Fm.  19. 


\ 


8111*0)  to  tliu  iitu'iuul  vuluiiiu  ill  uiir  uxjKjriuu^ilH  ru8u  sunietimoi 
1'71  to  1,  and  in  iithers  tlieru  wun  wMin-oly  uiiy  apiirocittblo  incit: 
in  the  iiroscut  iiibtaucu  it  is  us  1 '  4  U>  1. 
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Tbe  (liBcl)arge,  in  the  bell  jar,  was  photographed  on  one  occasion 
and  the  central  spindle  or  arc  proper  was  measured  on  tbe  photograph, 
and  a  calculation  made  of  whiit  its  t('m]>enitiiro  must  have  been  on  the 
supposition  that  the  Ruddrn  dilatntiou  might  bo  du9  to  it,  and  the 
result  was  IGOOO'  Cent.  Ex|>orimcut.s  were  also  miule  tu  ascertain 
the  temperature  of  ditfcreut  piirts  of  the  arc,  and  it  was  found  that 
platinum  wire  ^  jj'gg  of  an  inch  in  diameter  was  immediately  fused, 
but  there  was  no  vaporisation  of  the  jdatinum,  which  certainly  would 
have  occurred  had  such  a  temperature  ns  16000'  Cent,  existed.  It 
was  ultimately  concluded,  from  a  number  of  experiments  and  con- 
siderations, that  the  enormous  and  sudden  dilatation  could  not  be 
attributed  to  a  sudden  increase  of  temperature,  bnt  must  be  caused 
by  tho  scattering  of  the  gas  molecules  away  from  the  terminals,  and 
their  projection  by  clcctritication  against  tho  walls  of  tho  containing 
vessel. 

Wc  have  proved  expcrimcntiilly  that  tho  discharge  in  a  vacuum 
tiibo  does  not  differ  essentially  from  tiiat  in  air  and  other  gases  at 
ordinary  atmospheric  prcssnrvs  ;  it  cannot  be  considered  as  a  current 
in  the  onlinary  acceptation  <^f  tbe  term,  nor  as  at  all  analogous  to 
conduction  through  metals,  and  must  consoiiuently  be  of  the  nature  of 
a  disruptive  discliargo,  the  ]>article8  acting  as  carriers  of  electrification. 
For  example,  a  wire  having  a  given  difference  of  potential  bcitweeu  its 
ends,  can  permit  one,  and  only  one  current  to  pass;  whereas,  we 
have  found  by  accurate  measurements  that  with  a  given  difference  of 
potential  between  the  terminals  of  a  vacuum  tube,  currents  of  strength 
varying  from  1  to  135  can  flow. 

We  have  found,  moreover,  that  the  resistance  of  a  vacunm  tube, 

nnlike  that  of  a  wire,  does  not  increase  in  tlie  ratio  of  the  distance 

between  the  terminals.      As  an   example    may   be  cited   that,  in  % 

Bpottiawoodo   tube  (Fig.  20)  with  one  shifting  terminal,  which  can 

be  placed  at  any  required  distance  from  the  other,  for  seven  times 

the  distance  between  tho   terminals  the  resistance  was  found  to  bo 

only  twice  aa  great     Moreover  the  fall  of  potential  is  not  uniform 

for  equal  increments  of  distance  between  tho  terminals  of  a  vacuum 

tnbe  as  it  is  for  equal  increments  of  tho  length  of  a  wire.     In  order 

to  determine  this  we  used  a  tube  with  seventeen  rings  inserted  in  it 

at  equal  distances  (Fig.  20)  ;  to  these  were  attached  wires  which 

projected  through  tho  tube,  and  wore  soldered   to  it.     One   polo  of 

II       the  battery  was  connected  to  No.  1  ring  of  the  tube,  and  the  last 

^^ring  as  well  as  the  second  pole  of  the  battery  were  coniinrted  to 

^Hearth  and  stotMl  at  zero.     By  means  of  iin  electrometer,  shown  in 

^BFig.  21,  the  induction  plate  of  which  could  l>e  made  to  communic^tti 

^Bwith  each  ring  successively,  it  wasfouiid  that  the  difference  i>f  |K)tenti»l 

^Kbetween  the  first  pair  of  rings,  reckoning  from  the  tfrminul  connected 

^Fwith  tho  battery,  was  five  times  as  great  as  that  Ixtwcen  the  eighth 

■ad  ninth;   again,  that  betwt-i-u  the  sixteenth  and  »evunt««nth  it  was 

, twice  that  botwoon  the  eighth  and  ninth.     If  I,  by  way  of  illustra- 

jun,  siu|ieud  a  number  of  pitli  balls  to  a  wetted  thruad,  one  end  uf 
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which  I  oonucct  with  ooo  pnlo  at  the  battety  ftnd  thfl  other  to  < 
the  other  polu   of  tbo  b«tu.<ry  being  also  oonnected  to 
will  notice  ft  aniform  Atatmae  of  diTorgoDoo  of  the  "^'^ 
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▼acanm  tubo,  as  you  will  aeo  when  I  connect  tho  first  ring  tc 
of  the  battery  and  tho  other  to  earth. 

We  will  now  take  up  the  phenomena  exhibited  by  vacuum  tubes. 
It  will  be  seen  that  the  strata  have  their  origin  at  the  positiro  polo. 
Thus  in  a  given  tube,  with  a  certain  gas,  there  is  produced  at  a 
certain  pressure,  iu  tho  first  instance,  only  one  luminosity,*  which 
furms  at  the  positive  terminal ;  then,  as  the  exhaustion  is  gradually 
carried  further,  it  detaches  itself,  moving  towards  the  negative,  and 
being  followed  by  other  luminosities,  which  gradually  increase  in 
number  up  to  a  certain  point.  This  I  will  show  you,  with  Mr.  Cottrell's 
aid,  by  projecting  copies  of  photographs,  made  in  my  laboratory,  from 
tubes  containing  hydrogen  at  gradually  decreasing  pressures. 

If  I  now  connect  tho  fixed  terminal  of  the  Spottisnroode  tubo,  con- 
taining residual  carbonic  acid  at  a  pressure  of  1  millimetro,  with  the 
positive  polo  of  a  battery  of  2400  cells,  having  first  caused  tho  movable 
terminal  (which  I  have  connected  previously  to  the  negative  pole)  to 
approach  quite  close  to  tho  positive  wire,  you  will  see  only  one  stratum. 
I  incline  the  tube  and  allow  the  negative  terminal  to  recede.  Now 
there  are  three  strata  (Fig.  10  in  the  plate),  and  as  the  negative  recedes 
further  and  further  fircsh  strata  pour  in  one  by  one  from  the  positive 
until  the  whole  tubo  is  filled  to  within  a  constant  distance  £rom  the 
negative  with  our  electric  drops  (Fig.  9  in  the  plate). 

I  may  here  pause  to  draw  attention  to  the  resemblance  of  the  strata 
produced  by  an  electrical  discharge  in  a  vacuum  tube  to  the  lyco- 
podium  records  of  sound-pulsations  in  air  which  are  given  in  Tyndidl'a 
work  on  '  Sound '  (Fig.  22). 

Fio.  22. 

With  tho  same  potential  the  phenomena  vary  with  the  amount  of 
current  which  is  allowed  to  pass  through  the  tube,  and  this  amount  wo 
can  easily  regulate  by  inserting  resistances  between  the  battery  and  the 
tube.  As  tho  current  is  incrcaso<l  the  number  of  strata  in  some  tube* 
increaaea,  but  with  other  tubes  the  nombor  decreases. 

A  change  in  the  amount  of  current  frequently  produces  an  entire 
change  in  the  colour  of  tho  strata.  For  example,  in  a  hydrogen  tubo 
from  a  cobalt  blue  to  a  pink  (Figa.  4  and  3  in  the  plate).  It  also 
ehangea  the  spectra  of  the  strata.  Moreover,  the  spectra  of  tho  illn- 
minatod  terminals  and  those  of  the  strata  differ ;  usually  the  most 
brilliant  spectra  are  obtained  from  the  negative  terminal. 


*  It  is  not  im|m>bable  Uiat  ball'ligfatninf;  may  b«  of  tli«  nators  of  thin  linglo 
liahwwity  or  ■initaiii.etuuxnt  like  it  m  a  Leyden  jar,  and  piojerted  \n  on  t>li<rtrio 
lHwhargg  taking  pboe  behind  it ;  in  tba  lame  way  that  a  "v-i4iBTiKiil  Iui|iu1m 
mui»  forth  a  vart«x  ring. 
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If  tlio  discbarge  is  i 
the  Btntta  imlistinct,  e 
uf  tho  amount  of  cnrrent  maki 
strata  distinct  and  steady  ;  okmI 
quently  a  point  of  steadiness  k 
dttoed  by  the  carcfnl  iutroducl| 
external  resistance  ;  subeeqaently 
the  introtiuction  of  more  resistai 
now  phase  of  unsteadiness,  and 
more  resistance,  another  phase  of  ^ 
and  distinct  stratification. 

At  the  same  pressure,  and 
some  current,  the  diameter  of  tU 
affects  tho  character  and  closeai 
tho  stratification  (Fig.  23),  as  nj 
seen  when  I  cause  the  cnrrent  tc 
in  tube  No.  161,  which  contains 
dual  liydrogen.  It  consists  of 
portions,  one  18  inches  long  an^ 
internal  diameter,  the  other 
inches  long  and  0'975  inch  diai 
The  battery  I  am  nsing  conaii 
4800  colls,  and  you  perceivAl 
whether  the  terminal  in  the  I 
tube  is  positive  or  negative  tbl 
a  marked  difference  in  the  forv 
closeness  of  the  strata  in  the  two  I 

Tho  greatest  heat  is  develop 
the  vicinity  of  the  strata.  Thii 
wo  established  mi)6t  easily  whe: 
tubo  cuutaincd  only  one  stratui 
n  Biiinll  ntiinl^er  separated  by  a  i 
intorviil.  There  is  reason  to  b 
that  even  in  tlie  dark  dificharg< 
that  in  the  neighbonrliood  of  th 
gHtive  terminal  there  may  be  m 
of  stratified  formation,  for  we 
found  a  development  of  heat  ii 
of  A  tube  in  wliich  there  was  no 
mination  except  on  the  termiuala 

There  are  vacuum  tubes  made  ' 
are  not  open  from  end  to  end 
which  consist  of  a  number  of  se] 
chambers,  somo  inserted  into  the  o 
Tho  induction  coil  illuminates 
very  beautifully,  but  tho  batter 
not  do  so,  as  no  discharge  can 
On  the  other  hand,  the  alternating  corre 
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an  indnction  coil  ohargo  up  such  a  tube  first  with  positive,  then  with 
uogativo,  electricity,  and  produce  an  illumination  in  consequence  of 
the  alternating  charge  and  discharge  of  the  walls  of  it  When  I  turn 
on  the  battery  current  you  will  poroeive  a  flash,  then  if  I  reverse  the 
current  another  flash,  and  if  I  do  this  qoickly  I  make  the  illumi- 
nation a  little  more  persistent.  But  I  have  a  rapidly  reversed  com- 
mutator by  which  I  can  reverse  the  current  350  times  in  a  second, 
and  you  see  that  with  its  help  I  can  illuminate  the  tube  very  beau- 
tifully. 

In  almost  every  case  there  is  a  dark  interval  near  the  n^ative 
terminal,  but  occasionally  we  have  mot  with  tubes  in  which  the  strata 
completely  fill  tlie  tube,  the  last  ones  threading  themselves  on  the  wire 
used  for  the  negative  terminal  (Fig.  21).  Unfortunately  I  have  not 
one  which  I  can  show  you,  as  these  tubes  which  have  shown  this  phase 
completely  change  after  the  current  had  passed  a  very  short  time. 


FiQ.  24. 


TUBE  123. 


1  now  propose  to  show,  with  the  aid  of  my  two  assistants, 
Messrs.  James  Fnun  and  Ernest  Davis,  some  tubes  with  varicns 
gases  at  different  degrees  of  exhaust,  in  order  that  you  may  see  the 
strata  in  all  their  beauty  and  witness  the  changes  of  which  I  have 
spoken. 

I  will  in  the  first  place  show  a  tube  in  which  there  are  produced 
a  scries  of  luminosities  like  those  in  one  of  the  pIiot<>gm])hB  which 
were  projected  on  the  screen.  It  is  No.  148,  with  rcsidiml  hydrogen 
at  a  pressure  of  4  millimetres,  and  connected  with  7'J'20  cells.  Fig.  8 
in  the  plate  shows  the  phenomenon  ;  it  is  from  a  photograph  obtained 
ID  four  seconds. 

Tube  201,  shown  by  Fig.  7  in  the  plate,  is  a  hydrogen  vacuum 
at  a  preasoro  of  0*8  millimetre;  with  3G0O  cells  and  an  interposed 
rutistauco  of  1,500,000  ohms  a  perfectly  steady  close  stratification  is 
produced.  The  figure  is  copied  from  a  photograph  obtained  Lu  throi> 
Miouuds. 

Tube  131),  shown  in  tlio  plate  by  Fig.  4,  is  a  hydrogou  vacuum, 
proMuro  U-8  millimetre,  with  SGOO  cells  and  an  intorpoaod  resistance 
uf  'JOO,(KH)  ohms.  A  series  uf  beautiful  blue  double  strata  are  pro- 
daooil,  with  a  carmine  line  between  the  double  strata.  Thn  figure  is 
oopiod  from  a  photograph  obtained  in  one  and  a  half  sccomL 

Tabo  I'i'J. — On  iuterjioaiug  500,000  ohms  roaistance  m  the  circuit, 
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instond  of  300,000,  the  Btnta  «ro  reduced  in  nnmbcr  and  tn 
The  pbenomeuoD,  except  as  regards  coloar,   is  shown  in  iht 
(  Fig.  6),  copied  from  a  pbutograph  obtaiuc<l  iu  three  seconds. 
Tube  180,  a  hydrogen  vacuam  0*8  millimetre,  with   24C 
and  an  intcrpoaod  rosiatanoe  of  G0,000  ohms.     A  series  of 
ahaped  strata  are  produced,  which  cross  each  other  like   th« 
IHinuutsuf  the  letter  X  and  remain  perfectly  steady.  The  [>beuoo3 
is  precisely  like  that  shown  by  another  tabe,  the  photograph  of  \ 
jroo  saw  projected  on  tha  aoreen.     Tube  130  is  represented 
plate  (Fig.  6) ;  it  is  copied  from  a  photograph  obtained  in  tv 
a  half  Booonds. 

Tube  333  is  a  hydrogen  vacnnm,  pressure  0*8  millimetre,^ 
8600  cells  and  an  intcriwsed  resistance  of  1,500,000  ohms.  T 
are  produced  a  series  of  double  tongne-shaped  strata,  united  at  I 
narrowest  parts.  This  phenomenon  is  represented  in  Fig.  5  in 
plate,  which  is  copied  from  a  phot<jgraph  obtained  in  three  sccoiM 
Before  showing  the  next  tube,  I  will  exhibit  one  (No.  51)  w^ 
carbonic  acid  vacuum,  in  which  the  negative  terminal  consist 
a  wire  nineteen  inches  long  formed  into  a  kolix,  the  po«i 
being  a  ring.  On  passing  the  current  from  a  batter; 
1200  cells  through  the  tube,  first  interposing  a  resist) 
of  500,000  ohms,  about  two  inches  only  of  the  negativ 
illuminated  ;  on  gradually,  however,  removing  the  lei 
anco,  more  and  more  of  the  spiral  negative  glows  nnti 
last  the  whole  of  it  is  brilliantly  illuminated.  It  will 
seen  by  this  tliat  the  negative  discharge  requires  a  grei 
outlet  than  the  positive. 

I  will  now  exhibit  a  tube  (No,  163),  Fig.  25,  consist 
of  two  branches  united  at  the  top  and  bottom.     In  eaol 
these  is  a  series  of  funnels,  the  brood  end  of  which  fills 
branch  ;  in  one  branch  the  mouths  of  the  funnels  are  pla 
in  a  contrary  direction  to  that  in  the  other.     On  connect 
the  terminals  with  the  battery  of  3600  cells,  the  curren 
free  to  pass  either  in  both  branches,  or  through  one  or 
other,  but  it  iuvarinbly  passes  down  that  branch  in  wh 
the  wide  mouth  of  the  ftmnel  is  towanls  the  negative, 
traverses  alternately  the  right  or  loft  hand  branch,  accord 
OS  I  niiiko  the  top  or  bottom  tenuinal  negative ;  thus  ag 
exemplifying  the  necessity  for  a  greater  apaco  for  the  ne 
tivc  discliargo  to  pass  than   is  required   for  the  positi 
The  phenomenon  is  shown  in  Figs.  11  and  12  in  the  plat< 
The  photographs  from  which  the  figures  in  the  plate  i 
copied  were  taken  in  my  laboratory,  by  Mr.  H.  Eeynol 
on  dry  plates. 

Very  frequently,  when  the  eshauBt  is   very  great,   I 
discharge  becomes  most  sensitive  to  the  apiiroach  of  the  finger 
any  conductor  in  connection  with  the  earth,  or  charged  by  a  sop 
rate  source  of  electricity ;  the  same  thing  occurs  if  the  current 


T^ 


Y^ 


1881.] 


on  the  Phenomena  of  the  EleHrie  Ditchargr. 


489 


nutde  intermittent  by  an  interval  of  air  in  one  of  the  connections  (on 
»ir  spark).     See  Fig.  26. 

The  preparations  which  were  necessary  in  order  that  this  loctnre 
could  be  given  have  occnpicd  a  considerable  time.  In  the  first  place, 
most  of  the  tubes  I  have  shown  you  had  to  bo  specially  pro{iarcd, 
during  the  lost  three  months,  and  rcservnl  for  this  occasion.  Fur  all 
tubes  completely  alter  their  character  if  a  current  is  repeatedly  passed 
through  them,  and  then  they  no  longer  present  the  beautiful  phases  of 
stratification  you  have  witnessed.     Moreover,  it  was  not  possible  to 
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remove  the  battery  from  my  laboratory,  as  its  construction  would  not 
permit  it.  I  tbcroforo  have  hod  built  up  by  Messrs.  Tislcy  and  Co. 
an  entirely  new  series,  in  such  a  way  that  the  Imttory  can  lie  carried 
■ftway,  when  requisite,  without  injury.  The  construction  of  the  battery 
commenced  in  June  1879,  and  was  finished  in  August  1880. 
The  charging  of  the  liattcry  occupied  a  fortnight,  and  was  finished  in 
the  second  week  in  December. 

It  only  remains  for  me  to  thank  yon  for  your  flattering  attendance 
under  such  adverse  meteorological  oooditions.* 


*  Omwioned  by  a  very  heavy  snowBtorm  oii  the  18lh  of  Jaiioniy. 
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Thomas  BorroTT,  Esq.  M.D.  FX.S.  Vice-President,  in  the  Chair. 
Arthdb  ScnusTKB,  Esq.  Ph  D.  F^.S. 
The  Teachingt  of  Modern  SpectroBciipy. 

A  8CIKNCK,  like  a  child,  grows  quickest  in  the  first  few  years  of  its 
existence  ;  and  it  is  therefore  not  Hstonishing  that,  though  twenty  years 
only  have  elopsed  since  Spectrum  Analysis  first  entered  the  world,  we 
are  able  to  speak  to-day  of  a  modern  sjiectroscopy,  with  higher  ond 
more  ambitious  aims,  striving  to  obtain  results  which  shall  surpass 
in  importance  any  of  those  achieved  by  the  oUl  spectroscopy,  to  the 
astonishment  of  the  scientific  world. 

A  few  years  ago  the  spectroscope  was  a  chemical  instrument.  It 
Tras  the  sole  object  of  the  spectrosoopist  to  find  out  the  nature  of  a 
body  by  the  examination  of  the  light  which  that  hody  sends  out  when 
it  is  hot.  The  interest  which  the  nt«w  discovery  created  in  scientific 
and  nuscieutific  circles  was  duo  to  the  apinreiit  victory  over  space 
which  it  implied.  No  matter  whether  a  body  is  placed  in  our  labora- 
tory or  a  thousand  miles  away — at  the  distance  of  the  sun  or  of  the 
furthest  star — ois  long  as  it  is  luminous  and  sufiSciently  hot,  it  gives 
us  a  safe  and  certain  indicatirm  of  the  elements  it  is  composctl  of. 

To-day.  wo  are  no  longer  satisfied  to  know  the  chemical  nature 
of  STin  and  stars  ;  we  want  to  know  their  temperatnre,  the  pressure  on 
their  surface ;  wo  want  to  know  whether  they  are  moving  away  from 
ns  or  towards  us ;  and  still  further,  we  want  to  find  out,  if  poraible, 
what  changes,  in  their  jihysical  ami  chemical  properties,  the  elements 
with  which  we  are  acquainted  have  nndcrgone  under  the  influcnoe 
of  the  altered  conditions  which  must  exist  in  the  celestial  bodies. 
Every  sonspot,  every  solar  prominence,  is  a  study  in  which  the  un- 
known qnontitios  include  not  only  the  physical  conditions  of  the  solar 
mrfooo,  bat  also  the  possibly  changed  properties,  under  these  condi- 
tions, of  our  terrestrial  elements.  Tho  8poctroeco])e  is  rapidly  becom- 
ing oar  thermometer  and  pressure  gauge ;  it  has  become  a  physical 
instrument. 

Tho  application  of  the  spectroscope  to  the  investigation  of  the 
nature  of  celestial  bcxlies  baa  always  had  a  great  fascination  to  the 
scientific  man  as  well  as  to  the  amateur ;  for  in  stars  and  nebulie  one 
may  hope  to  read  the  past  and  future  of  onr  own  solar  system.  But 
it  is  not  of  this  application  that  1  wish  to  speak  to-day. 

As  there  is  do  uthcr  instrument  which  can  touch  the  conditions  of 
tbo  most  distant  bodies  of  our  univorte,  bodies  so  largo  that  their  rizo 
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Borpaases  our  imagination,  bo  is  there  no  other  inatninicnt  which  eq 
it  in  the  iuformivtion  it  can  jricld  on  the  minnte  particles  at  the  o 
ond  of  the  scale,  {larticles  which  in  their  tnm  are  so  small,  that  we 
form  no  conception  of  their  size  or  number.  The  range 
spectroscope  includes  both  stars  and  atoms,  and  it  is  about ' 
latter  that  I  wish  to  Bpt^'ak. 

The  idea  that  all  matter  is  built  up  of  atoms,  which  we 
further  divide  by  jihysical  or  chemical  means,  is  an  old  one. 
Cicicutific  hypothesis,  however — that  is,  an  hypothesis  which  si 
only  qualitatively,  but  also  qnantituti  voly,  account  for  actual  phenoii 
— it  has  only  boon  worked  out  in  the  last  thirty  years.  Thedevt 
ment  of  molecular  physics  was  contemporaneous  with  that  of  b{ 
scopy,  but  the  two  sciences  grew  up  independently.  Thos 
strove  to  advance  the  one  paid  little  attention  to  the  other,  and 
not  trouble  to  know  whicli  of  their  conclusions  wore  in  harm 
which  in  discordance,  with  the  results  of  the  sister  science.  J 
time,  I  think,  now  that  the  bearing  of  one  branch  of  inquiry  o^ 
other  should  be  pointed  out :  where  they  are  in  agreement,  theu 
elusions  will  bo  strengthened,  while  new  investij^ations  will  Ifl 
more  perfect  truths  where  disagreement  throws  doubt  on  ap| 
well-established  princijileB. 

U'hat  I  have  ventured  to  ooU  modem  spectroscopy,  is  the  no 
the  old   science  with  the  modem  ideas  of  the  dynamical  the 
gases,  and  includes  the  application  of  the  spectroscope  to  the 
mental  invest! p^ation  of  molecular  phenomena,  which  without  it  i 
for  ever  remain  matters  of  speculation  or  of  calculation. 

A  body,  then,  is  made  up  of  a  number  of  atoms.     These 
hardly  ever,  perhaps  never,  found  in  isolation.     Two  or  mon 
them  ore  bound  together,  and  do  not  port  company  as  long  as 
physical  state  of  the  body  remains  the  same.     Such  an  associatio 
atoms  is  called  a  molecule.     When  a  body  is  in  the  state  of  a  ga 
vapour,  each  molecule  for  the  greater  part  of  the  time  is  unaffe< 
by  the  other  molecules  in  its  neighbourhood,  and  therefore  bchavi 
if  these  were  not  present.     The  gaseous  state,  then,  is  the  one  in  wl 
wo  can  best  study  these  molecules.     They  move  about  amongst  c 
other,  and  within  each   molecule   the  atoms  are  iu  motion.      I 
atom,  again,  has  its  own  intoraol  movement.     But  if  the  world 
made   up   of  atoms  and   moloculoa   alone,  we   should   never  ki 
of  their  existence ;  and  to  explain  the  phenomena  of  the  universe, 
must  recognise  the  presence  of  a  continuous  universal  medium  pt 
trating  all  space  and  all  bodies.     This  medium,  which  wo  coll 
luiuiniferous  other  or  simply  the  ether,  serves  to  keep  up  the  com 
tiou  between  atoms  or  molecules.     All  communications  from  one  al 
to  another  and  from  one  molecule  to  another  aro  mode  through  1 
ether.     The  internal  motions  of  one  atom  are  communicated  to  i 
medium,  propagated  through  space,  until  they  reach  another  ato 
attractiou.  repulsion,  or  some  other  manifestation  takes  place ;  an( 
you  examine  any  of  the  changes  which  you  see  constantly  going 
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around  yon,  and  follow  it  backtrards  through  its  voriouB  stages,  yon 
will  always  find  the  motion  of  atoms  or  molecules  at  the  end  of  the 
chain. 

The  importance  of  studying  the  motion  of  molecules  is  therefore 
clear:  and  it  is  the  special  domain  of  the  modem  spectroscopy  to 
ioTestigatate  one  kind  of  these  motions. 

When  a  tuning-fork  nr  a  bell  is  sot  into  vibration,  its  motion  is 
taken  op  by  the  surrounding  air,  wares  are  set  up,  they  spread  and 
produce  the  sensation  of  sound  in  our  ears.  Similarly  when  an  atom 
vibrates,  its  motion  is  taken  up  by  the  ether,  waves  are  set  up,  they 
spread,  and  if  of  sufficient  intensity  produce  tlie  sensation  of  light  in 
our  eyes.  Both  sound  and  light  are  wave  motions.  A  cursory  glance 
at  %  wave  in  water  will  lead  yon  to  distiuguish  its  two  most  prominent 
attributes.  Yon  notice  at  onoe  that  wares  differ  in  height.  So  the 
waves  both  of  light  and  sound  may  differ  in  height,  and  tu  a  difference 
in  height  corresponds  a  difference  in  the  intensity  of  the  sound  yon 
he«r  or  of  the  light  you  see.  The  higher  the  ware  the  greater  its 
energy,  the  louder  is  the  sound  or  the  brighter  is  the  light  But  in 
addition  to  a  difference  in  height  yon  hnvo  noticed  that  in  different 
wares  the  distance  from  crest  to  crest  may  rary.  The  distance  from 
crest  to  crest  is  the  length  of  the  wave,  and  waves  not  only  differ  in 
height  but  also  in  length.  A  difference  in  the  length  of  a  wave  of 
sound  corresponds  to  a  diffference  in  the  pitch  of  the  sound ;  the 
longer  a  sound-wave  is,  the  lower  is  the  tune  you  hear.  In  tlio  cose 
of  light  a  difference  in  the  length  of  the  wave  oorresimnds  to  a 
difference  in  the  colour  yon  see.  'I'ho  longest  wares  wliich  affect  our 
eyes  produce  the  sensation  of  red,  then  follows  orange,  yellow,  green, 
blue,  and  the  shortest  wares  which  we  ordinarily  see  seem  violet.  If 
a  molecule  vibrates,  it  generally  sends  out  a  great  number  of  waves 
which  vary  in  length.  These  fall  together  on  onr  retina,  nnd  prodnco 
•  oomponnd  sensation  which  does  not  allow  ns  to  distinguiah  the 
elementary  vibrations,  which  we  want  to  examine.  A  spectnMcopo  is 
an  instrument  which  separates  the  waves  of  different  lengths  before 
they  reach  our  retina ;  the  elementary  vibrations  after  having  passed 
throngh  a  spectroscope  no  longer  overlap,  bnt  produce  their  im- 
prewions  side  by  side  of  each  other,  and  their  examination  and 
lavestigatiun  is  therefore  rendered  possible. 

The  elements  of  S])ectroscopy  will  be  familiar  to  most  of  yon,  bat 
yon  will  forgive  mo  if  I  briefly  allude  to  some  points,  which,  thnngh 
well  known,  aro  of  apeoial  importance  in  the  considerations  which  I 
wish  to  bring  before  yon  to-night 

Wlien  a  body  is  sufficiently  hot  it  becomes  Imuinons,  or  to  speak 
in  scientific  language,  the  vibrations  which  arc  capable  of  pro- 
ducing •  luminous  sensation  on  our  retina,  are  increased  in  intensity 
•a  the  temperature  is  raised,  until  they  produce  such  a  sensation. 
By  means  of  a  strong  electric  current  I  can  in  the  electric  lamp  raise 
a  piece  of  carbon  to  a  high  temperature.  When  looked  at  with  the 
oniuded  eye  it  seems  white  hot,  bnt  when  I  send  the  rays  throngh 
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«  prism  and  project  them,  m  I  do  now,  on  a  screen,  70a  « 
tinuoas  bftud  of  light.  Thia  fact  we  express  by  saying  1 
Bi>ectrura  of  the  carbon  poles  in  the  electric  lamp  is  a  continao 
Yoa  aeo  side  by  side  the  different  colours  known  to  yon  by  the  fi 
bat  incorrect  name  of  "the  raiubow  colours";  and  the  experii 
teaches  yoa  that  the  carbon  polo  of  tho  electric  lamp  sends  ooil 
in  which  nil  wave  lengths  which  produce  a  luminous  sensatioH 
represented.  ] 

But  if  now  I  introdaco  into  tho  electric  arc  a  small  pieoef 
volatile  metal  you  Ree  no  longer  a  continnous  band  of  light.   The  1 
is  broken  up  into  different  parts.     Narrow  bends  or  lines  of  diffc 
colours  are  iseparated  by  a  space  aometimes  bluck,  xomctimos  slii 
lominoUH.     The  metal  has  been  converted  into  vapour  by  the 
heat  of  tho  electric  current,  and  tlio  vibrations  of  its  molccul 
place  in  distinct  ^Ksriods,  so  that  tho  waves  emanating  from  it 
certain  definite  lengths.     If  the  molecule  could  only  send  o 
particular  kind  of  waves,  I  should  in  its  spectrum  only  see  ono 
line.   Wo  know  of  no  body  which  docs  so,  though  wo  know  of  seven 
which  the  possible  periods  of  vibration  are  comparatively  few: 
•peotrom  of  these  will  therefore  contain  a  few  lines  only.     Tha 
have  two  different  kinds  of  spectra,  continnous  siicctra  and  line-sp* 
But  there  is  a  certain  kind  inturnro<liato  in  appearance  between' 
two.     Tlio  8[H:ctra  of  "  fluted  bunds,"  as  they  are  called,  appear, ' 
seen  in  spoctrciscopos  of  small  dispersive  powers,  as  made  up  of  b 
which  liavo  a  sharp  boundary  on  one  side  and  gradually  fade  '■ 
on  the  other.     Wiien  seen  with  more  powerful  instruments  each 
seems  to  be  made  up  of  a  number  of  lines  of  ne^irly  equal  iuta 
which  gradually  come  nearer  and  nearer  together  as  tho  sharp 
is  approached.     This  sharp  edge  is  generally  only  the  place  wl 
the  lines  arc  ruled  so  closely  that  we  can  no  longer  distinguish 
individual  conijiononts.      Tlie   edge  is   sometimes   towards  tho  1 
aometimes  towards  tho  viulut  end  of  the  Bpoi;trum.     Occasiooi 
however,  tho  fluted  bauds  do  not  sliow  any  sharp  edge  whatevorJ 
are  simply  made  up  of  a  series  of  lines  which  are,  roughly  speaK 
equidistant.     No  ono  who  has  soon  a  spectrum  of  fluted  bands 
ever  fail  to  distinguish  it  from  the  other  typos  of  spectra  which  1 1 
described. 

What,  then,  is  the  cause  for  the  existence  of  these  different  typ 
The  first  editions  of  text-books  in  which  our  science  was  disctu 
stated  that  a  solid  or  liquid  body  gave  a  continuous  spectrum,  whl 
gaseous  body  hod  a  spectrum  of  lines ;  the  spectra  of  bands  were 
mentioned.  Tho  more  recent  editions  give  a  few  exceptions  to  1 
rule,  and  tho  editions  which  have  not  appeared  yet,  will — so  I  hope 
least — tell  you  that  the  state  of  aggregation  of  a  body  docs 
directly  affect  the  nature  of  the  spectrum.  The  important  point 
not  whether  a  body  is  solid,  liquid,  and  gaseous,  but  how  m« 
atoms  are  bound  together  in  a  molecule,  and  how  they  are  bou 
together.     This  is  one  of  the  teachings  of  modern  spectroscopy. 
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molecule  coDtaining  a  fnw  atoms  only  gives  a  spcctmni  of  lines. 
Increase  tbe  number  of  atoms  and  yon  will  obtain  a  spectrum  of 
flated  bands  ;  increase  it  once  more,  and  yon  will  obtain  a  continuous 
apectmm.  The  scientific  evidence  for  the  statements  I  have  made  is 
nnimpeachable.  In  the  first  place,  I  may  examine  spectra  of  bodies 
which  I  know  to  be  compaand.  Special  precautions  often  are  neces- 
sary to  oct-omplish  this  pnrj)08e,  for  too  high  a  tem[»crature  would 
invarinbly  break  up  the  compound  molecule  iuto  its  more  elementary 
cuustitucnts.  For  some  botlies  I  may  employ  the  low  temperature 
of  an  ordinary  Bonsen  burner.  With  others,  a  weak  electric  spark 
tftkcn  from  their  liquid  solutions  will  supply  a  sufficient  quantity  of 
Inminous  andccom]x>8ed  matter  to  allow  the  light  to  be  analysed  by  a 
spectri 'Scope  of  giKxl  power.  The  spectrum  of  a  compoimd  body  is 
never  a  line  spectrum.  It  is  either  a  spectnim  of  bands  or  a  con- 
tinuous si>ectrum.  Tlie  spectra  of  the  oxides,  chlorides,  bromides,  or 
icMliilcti  of  the  alkaline  earths,  for  instance,  are  spectra  of  fluted  bands. 
All  these  bodies  are  known  to  contain  atoms  of  different  kinds,  the 
metallic  atoms  of  calcium,  barium,  or  strontium,  and  the  atoms  of 
chlorine,  bromine,  iodine,  or  oxygen. 

But  to  obtain  these  spectra  of  bands  wo  need  not  have  necessarily 
rcooarso  to  molecules  containing  different  kinds  of  atoms.  Elementary 
bodies  show  these  spectra,  and  wo  must  conclude  therefore  that  the 
dissimilarity  of  the  atoms  iu  the  molecule  bus  nothing  to  do  with  tho 
ap|>earanoe  of  the  flutc<l  bands.  Similarity  iu  the  sitcctrura  must 
necvasarily  ))e  due  to  a  similarity  in  the  forces  which  biml  tho  atoms 
together,  and  this  nt  once  suggests  that  it  is  the  conipoun'1  nature  of 
the  molecule  which  is  the  true  cause  of  the  bands,  but  that  the 
molecule  need  not  be  necessarily  a  eoraponnd  of  an  atoia  with  an  atom 
of  different  kind,  fur  it  may  bo  a  compound  of  an  clement  with  itHclf. 
We  have  ample  proof  that  this  is  the  true  explanation  of  the  different 
types  of  spectra.  I  shall  jiresently  give  you  a  few  examples  in 
pport  of  the  view  which  is  now  nearly  unaniinously  adopted  by 
trosoopists. 

I  have  hitherto  left  unmentioncd  ono  important  methiM]  of 
vostigating  tho  periods  of  molecular  vibrotions,  a  meth<xl  which 
•pplicnblo  to  low  temjicruturus.  If  I  have  a  tranf<|>arent  bo<ly  and 
ulluw  light  sent  nut  by  a  body  giving  a  continuous  spectrum  to  fall 
through  it,  I  often  observe  that  tho  trans)>arent  body  sifts  out  of  the 
light  falling  throngh  it  rertaiu  kind  of  rnyg.  Spectra  are  thus 
]iri>ducod  which  arc  callcMl  absorption  sp<>ctra,  Iwcnusc  the  iHMly 
which  is  under  oxainiuation  does  not  send  out  any  light,  but  absorbs 
Monio  vibrations  which  arc  nuido  to  psss  through  it.  It  is  an 
inii>ortant  fa<'t  thnt  a  nioloi-ulo  abaorba  just  the  rays  which  it  is 
ca]Hiblo  it*clf  nf  sending  nut.  I  can  thereforo  invtrntigute  the 
s{>cctruro  of  a  ImhIv  JuHt  oh  well  by  means  of  thu  nliKorption  it  produce* 
■a  br  moans  of  the  liglit  whirh  it  «<  nds  out. 

Vaponrs  like  bromine  or    iodine  vxauiinml  in  this  way  give  na 
a  apcotrnm  of  flut«xl  hands.     A  |Miwbrful  8{>ark  in  those  gaaca  givca, 
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bowerer,  a  lioe-Bpectrom.      Horc,  then,  a  change  of  spectrmn 
on  place.     TLo  same  body  at  difiurent  tempcrntureB  gives 
[diflcrcDt  B{>cctnim,  and  the  change  which  takes  place  is  tho  same 
I  that  obaenred  iu  the  spectnuu  of  a  oomponnd  body  the  moment 
[tempcratnra  baa  riaen  sufficiently  to  decompoeo  that  body.     I 
elude  from  spectroscopic  obseirationg,  therefore,  that  the  molecv 
of  bromine  and  iodine  just   above  their  boiltng-poiut  are  compli 
molecules,  which  are  broken  up  at  the  tcmperatore  of  the  elect 
qiark.     At  high  temperatures  the  molecules  of  those  bodies  contaii 
smaller  number  of  atoms,  and  it  follows  from  this  that  the  gases  mi 
be  lighter  or  that  their  density  must  be  smaller.     These  conclosioi 
vhich  on  spectroscopic  grounds  have  been  definite  and  clear  for  sol 
Tears,  have  recently,  by  independent  methods,  been   confirmed   | 
Victor  Meyer  and  others.     It  has  been  directly  proved  that  at  lug 
tempoiatnres  the  molecules  of  iodine  and  bromine  contain  a  smalli 
number  of  atoms  than  they  do  just  above  their  boiling-point.    In  ot' 
caaes  tho  change  of  density  has  not  l)eon  directly  pruved,  only  1 
these  neocsaary  measurements  arc  difficult  or  even  imjKissiblo  at 
high  temperatures,  but  we  may  be  perfectly  sure  that  chlorine, 
well  as  the  metallic  vapours  of  silver,  sodium,  putARsium,  &c.,  whic 
show  an  analogous  change  of  their  spectra,  will  ultiniatoly  be  prove 
to  undergo  a  change  of  density  at  high  temperatures. 

As  we  can  trace  the  change  from  a  liue-spectmm  to  a  banc 
s]>ectnmi  taking  place  simultaneously  with  on  increase  of  density 
BO  may  we  follow  the  change  from  a  band-spectnim  to  a  continnon 
spectrum  indicating  the  formation  of  a  molecule  still  more  complex. 
•Sulphur  va{iour,  at  a  tcniiieraturc  just  above  its  boiling-point,  con 
tains  three  times  tho  number  of  atoms  iu  one  molecule  that  it  does  ■ 
a  temperature  of  a  thousand  degrees.  The  8{)ectrum  of  sulphur  vnpou 
observed  by  absorptinn  is  continuous  wlien  the  heavier  molecule  oul; 
is  present.  At  the  higher  temperatures,  w}ion  each  molecule  is  dccom 
posed  into  three,  the  spectrum  belongs  to  the  type  of  fluted  band 
spectra.  From  the  cases  in  which  we  can  thus  prove  the  change  ii 
the  spectra  and  in  tho  densities  to  go  on  simultiineonsly,  we  are  justi 
fied  in  concluding  that  also  in  other  cases,  where  no  such  change  o 
density  has  yet  been  oliservod,  it  yet  takes  place ;  and  it  is  not  a  ver} 
daring  generalisation  to  believe  tiiitt  a  change  in  spectra  is  alwayi 
duo  to  a  change  iu  molecular  arrangement,  and  generally,  perhap 
always,  acconi])anied  by  a  change  in  the  number  of  atoms  wluch  ar< 
bound  together  iiitu  one  molecule. 

With  rcgaul  to  tho  well-known  Btntemont,  tlmt  solids  and  liqoide 
give  continuous  spectra,  while  gases  givo  line-spectra,  it  must  be 
remarked  that  metidlic  vapours  show  in  nearly  all  cases  a  continuous 
spectrum  before  they  condense.  Oxygen  gives  a  continuous  spectrum 
at  tho  lowest  temperature  at  which  it  is  luminous.  Examining  liquids 
and  solids  by  the  method  of  absorption,  we  find  that  many  of  them 
show  discontinuous  spectra,  proBcuting  fairly  narrow  bands.  It  is  not 
denied  that  tho  nearness  of  molecules  docs  not  affect  the  spectrum.    It 
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may  render  the  banils  more  wide  and  indistiuct  at  their  edges,  but  its 
influence  is  more  of  a  nature  which  in  gas  spectra  is  sometimes 
obscrvod  at  high  pressures  when  the  lines  widen,  and  does  not  con- 
sist of  an  alteration  in  type.  Though  in  a  solid  or  liquid  body  the 
molecules  are  mach  nearer  together,  they  are  less  mobile  ;  and  hence 
the  number  of  actual  collisions  need  not  be  necessarily  much  in- 
creased. The  fact  that  a  crystal  may  show  a  difference  in  the  absorp- 
tion spectrum  according  as  the  vibrations  of  the  transmitted  light  take 
place  along  or  across  the  axis,  shows,  I  think,  that  mutual  impacts 
cannot  much  affect  the  vibratiuns,  but  that  each  molecule,  at  least  in 
a  crystal,  must  bo  kept  pretty  well  in  its  place. 

We  have  divided  spectra  into  three  types,  but  in  all  attempts  at 
olBDsificatiou  we  are  met  by  the  same  difficulty.  The  boundaries 
between  the  different  types  are  not  in  all  cases  very  well  marked. 
Every  one  will  be  able  to  distinguish  a  well-defined  baud-spectrum 
from  a  line-spectrum,  but  there  are  spectra  taking  up  intermediate 
positions  both  between  the  line-  and  buud-sjiectra  and  between  band- 
spectra  and  continuous  spectra.  With  regard  to  these  it  may  be 
difficult  to  tell  to  which  typo  the  spectrum  really  belongs.  It  may 
httpjK'n  that  a  change  of  spectrum  takes  place,  the  spectrum  retaining 
its  tyjie ;  but  in  these  cases,  as  a  rule,  the  more  uomplcx  molecule 
will  have  a  spectrum  a]>]>roaching  the  lower  ty|)e,  although  it  may 
not  actually  belong  to  that  lower  type.  To  be  perfectly  general, 
wo  may  say  that  a  combination  of  atoms  always  produces  an  alteration 
in  the  spectrum  in  the  direction  of  the  change  from  the  line-spectrum, 
through  the  baud-sfiectrum  to  the  discontinuous  spectrum. 

If  we  accept  the  now  generally  received  opinion  as  to  tbe  cause  of 
the  different  types  of  s[>octra,  we  may  obt:iin  information  on  molecular 
arrangement  and  complexity  where  our  ordinary  methods  fail.  At 
high  tum^icratures,  or  under  much  diminished  pressure,  measures  of 
density  become  difficult  or  imi>ossiblti ;  and  it  is  just  in  these  coses 
that  Ihe  spoctroaoope  furnishes  us  with  the  mo«<t  valuable  information. 
If  we  flod  three  spectra  of  nitrogen  and  the  same  number  for  oxygon, 
we  most  accept  the  verdict,  and  cuucludo  that  those  gues  can  exist  in 
throe  different  allotropic  states. 

Amongst  the  remarkable  phenomena  observed  in  vacanm  tubes, 
perhaps  not  the  least  curious  is  the  spectrum  observed  at  tbe  negative 
polo,  which  in  several  coses  is  only  obscrvod  there,  and  under  ordinary 
circumstances  in  no  other  port  of  the  tube.  D<jth  oxygen  and  nitrogen 
Lave  a  spectrum  which  is  generally  coufiucd  to  the  negative  glow. 
Bume  years  ago  I  tried  to  prove  that  aliHi  in  these  cases  wo  liavo  only 
to  deal  with  a  s|>ocial  mo<lilicntion  of  the  gases  which,  curiously 
(tiiough,  only  ciiats  near  the  negative  {k>1u,  and  is  brokeu  up  nnd 
decouposed  in  every  other  juirt  of  tlio  tube.  The  uxporimcuts  1  then 
mad»  aoma  to  me  to  prove  the  |>oiut  couclusivoly.  Aftur  a  current  of 
'  ':  V  had  passed  through  the  tube  for  some  time  in  one  direction, 
lit  was  suddenly  reversed :  the  negative  pole  now  became 
positive,  but  the  spoctrom  still  was  visible  for  some  time  in  its  ni  igh- 
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boatbood,  and  only  gT«<l«MlIy  dimppeared.   This  experiment  shows  ( 
dta  CDMStmiu  may  exist  in  other  ports  of  the  tnbe,  and  that  it  is  th4 
fore  ane  to  a  peculiar  kind  of  molecule,  and  not  to  anything  spccii 
related  to  electric  phenomena  taking  place  in  the  neighbi>urL«j 
the  negative  jwle.     Oth«r  ex{><.'riuicuts  8npportc><l  this  view. 

The  dawifioatiuu  of  spoctra,  according  to  the  complexity  of 
vibrating  molecole,  ia  of  great  theoretical  importance;  for  by 
moans  we  may  hope  to  obtain  aomo  information  on  the  nature  of 
foroQS  which  bind  together  the  atoms  into  one  molecule.  Our  wh 
life  is  a  chemical  process,  and  a  great  part  of  the  mysteries  of  natal 
would  be  cleared  up  if  we  c<inld  gain  a  deeper  insight  into  tl 
nature  of  chemical  forces.  I  believe  no  other  lino  of  investigntioiii 
bo  as  hopeful  in  this  respect  as  the  one  which  examines  directly  I 
▼ibrations  of  the  molecules  which  take  place  under  the  influence 
these  chemical  forces.  If  we  conld  find  a  connection  between  tl 
vibrations  of  a  compound  molecule  and  the  vibrations  of  the  sim^ 
elements  which  it  contains,  wo  should  have  made  a  very  decided 
in  the  desired  direction.  I  neo<l  not  say  that  varions  attempts 
been  mode  to  clear  up  so  important  a  point ;  bnt  wc  have  to 
with  complicated  forces,  and  the  attempts  have  as  a  rule  not  beii 
crowned  with  much  success. 

There  are,  however,  a   few  exeeptions,  a  few  cases  of  greatt 
8im[>licity  than  the  rest,  whore  we  are  able  to  trace  to  their  mechanic) 
catiEOs,  the  spectroscopic  changes  which  take  place  on  chemical  coa 
binatiou.     These  few  and  simple  coses  may  servo  as  the  fingerposi 
which  show  us  the  way  to  further  research,  and  we  may  hope,  1 
further  success.     To  make  the  spectroscopic  changes  of  which  I  ai 
speaking  clear  to  you,  I  must  have  recourse  to  the  analogy  betwee 
sound  and  light,  and  remind  you  of  the  fact  that  when  the  prongs  t 
a  tuning-fork  are  weighted  its  tone  is  lowered,  which  means  that  th 
perio<I  of  vibration  is  increased,  and  consequently  that  the  length  c 
the  wave  of  sound  sent  out  is  lengthened.     Now,  suppose  a  molecul 
or  atom,  the  spectrum  of  which   I  am  acquainted  with,  enters  int 
combination  with  another.     And  suppose  that  the  vibrations  of  thi 
second  molecule   are  weak  or  lie  outside  the  visible  range  of  th 
spectrum,  then  the  most  simjile  assumption  which  I  uoulJ  make  wouh 
lie  that  the  addition  of  the  new  nioleculo  is  equivalent  to  an  increase  o 
the  mass  of  the  other.     An  increase  of  mass  without  alteration  of  thi 
force  of  the  uiulectilo,  will,  as  in  the  case  of  the  tuning-fork,  lengthei 
the  period  of  vibration,  and  increase  the  wave  length.     If  a  case  o: 
thiit   kind    were   actually   to   happen,    I    should   observe  the  whole 
spectrum  shifting  towards  the  red ;  and  this  is  what  is  observed  in 
the  few  simple  cases  to  which  I  Imvo  reforrcii.     The  first  observation 
to  that  eflect  is  due  to  Professor  Bunsen,  of  Heidelberg.     Examining 
the  absorption  R|>ectra  of  different  diilymium  salts,  ho  found  such  a 
close  resemblance  betn'teii  them,  that  no  difference  could  be  detected 
with  instruments  of  small  powers ;   but  with  larger  iustrumonts   it 
was  found  that  the  bauds  varied  slightly  in  position,  that  in   the 
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chloride  they  were  placed  most  towards  the  blae  end  of  the  spectrum, 
that  when  the  salphute  was  substituted  for  the  chloride,  a  slight 
shift  towards  the  less  rcfrangiblo  end  took  place,  aud  that  a  greater 
shift  in  the  same  direction 
occurred  on  examining  the 
acetate.  Professor  Buusen 
remarks  that  the  molecular 
weight  of  the  acetate  is 
larger  than  that  of  the  sul- 
phate, and  that  the  molecule 
of  the  sulphate  again  is 
heavier  than  that  of  the 
chloride.  He  adds :  "  These 
differences  in  the  absorption 
spectra  of  different  didy- 
mium  compounds  cannot  in 
our  present  complete  state 
of  ignorance  of  any  general 
theory  for  the  absorption  of 
light  in  absorptive  media, 
bo  connected  with  other 
phenomena.  They  remind 
one  of  the  slight  gradual 
alterations  in  pitch  wliich  , 
the  notes  from  a  vibrating  i 
elMtic  roil  undergo  when 
the  rod  is  weighted,  or  of 
the  change  of  tone  which  »a 
organ  pi{>o  exiiibits  when 
the  tube  is  lengthened." 
The  accompanying  wood- 
cut, copied  from  Professor 
Uuuscu's  ]>a|icr,  miiy  serve 
to  illuHtratu  the  shift  ub- 
H«rvud  in  one  of  the  absorp- 
tion bunds. 

8iniiUr  changm  take 
plaoo  Hbeu  some  snli8t«nc<t8 
like  cyanin  and  chlorophyll 
are  disstjived  in  different 
liquids.  Alwoqitiou  tmnds 
characteristic  of  those  vari- 
ous anhstoncses  ap}M.«r,  bat 
Uwy  slightly  Tory  in  posi- 
t'.oa.  PrufesBor  Kumll,  who 
haa  earefblly  eiamiued  this  iHsploceroent  of  alxtorption  bands,  baa 
oama  to  the  ooocluitiun  that  ns  a  rule  the  liquids  of  high  disponivo 
powen  ware  thoao  which  shifted  the  bunds  most  towards  the  rod  ond 
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of  th«  ipeetmin.  Bnt  thou<^li  there  is  an  appftrcnt  tendencj  ' 
direction,  no  rala  can  be  given  which  ehall  be  absolntoly  true 
erer  tbe  sabataooe  which  ia  dissolved.  Fig.  2  shows  the  nbso 
■pMlrnm  of  cvanin  when  dissolved  in  different  liquids.  The  mc 
maoti  owde  by  Clacs  *  are  employed.     We  have  here  an  int 


proof  that  a  eohition  is  soraetimcB  much  more  of  a  chemical 
than  is  generally  supposed.  The  f-olvent  and  the  suhstauce 
indeed,  bo  closely  connected  in  order  to  jiroduce  a  shifting  > 
absorption  baud.  On  the  other  Land,  it  is  not  astonishing  tl 
genenil  law  ciin  bo  given  which  connects  the  displaeomcnt  wi 
physiciil  properties  of  the  solvent,  for  tlio  closeness  of  conn 
depending  on  ihc  special  chemical  affinity  for  each  solvent  1 
much  to  do  with  the  amount  of  sliifting  observed,  as  the  mol 
weight  or  the  dispersion  or  refmctivo  power  may  have.  The  si 
of  the  absorption  l>ands  in  diffurcnt  solutions  of  the  same  subs 
is  only  one  of  many  appltcatiims  of  spectroBCopes  to  the  exami 
of  molecular  phenomena  in  liiinids.  Into  the  interesting  resei 
of  Professor  Kussell,  who  has  greatly  extended  this  field  of  in 
we  have  no  time  to  enter. 


Wicd.  Ann.,  iii.  p.  388,  1878. 
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The  cliADgcs  of  Rpcctra  duo  to  raoloculiir  combinations  and  re- 
arrangements bavo  in  addition  to  tboir  tbeoretical  impTtance  a  great 
practical  interest,  for  tboy  will  afford  ub  some  day  a  means  of  answer- 
ing approximately  a  great  many  questions  relating  to  tbe  tcmpcratnre 
of  suu  and  stars.  Tbe  gases  and  vapours  in  tlie  solar  ntniospbere 
are  for  tbe  greater  part  in  tbe  molecular  condition  in  wbicb  tbey 
give  a  line-spectrum,  and  wo  know  of  stars  tbe  spectra  of  wbicb 
resemble  onr  solar  spectrum  very  nearly.  We  sball  not  be  far  wrong 
in  ascribing  to  sucb  stars  a  t<.>niperature  similar  to  that  of  our  sun. 
Otbur  stars  bave  absorbing  enveloi>c8  showing  spectra  of  fluted  bauds. 
We  know  that  flutcil  bauds  b<.'loug  to  a  more  complex  molecular 
condition,  which  only  can  exist  at  lower  temperatures.  These  Bturs, 
therefore,  must  have  a  lower  temperature  than  our  sun.  Dr.  Uuggins, 
who  has  succeeded  in  obtaining  most  valuable  photographs  of  star- 
qiectra,  has  been  able  to  classify  and  arrange  star-spectra;  and  it  is 
more  than  likely  that  in  the  series  of  stars  arranged  in  order  by 
means  of  their  spectra,  we  have  at  one  end  those  of  the  highest,  at 
the  other  those  of  the  lowest  temperature.  We  are  as  yet  far  from 
being  able  to  assign  any  particular  temperature  to  a  star,  but  tbe 
qnestion  by  means  of  the  spectroscope  bos  been  rc^dnced  to  one  which 
can  bo  decided  in  our  laboratories,  and  however  difficult  it  may  be,  we 
may  rest  assured  that  it  will  ultimately  be  solved.  As  to  onr  sun, 
its  temperature  has  been  the  subject  of  many  investigations.  Attempts 
have  been  made  to  deduce  it  (at  least  approximately)  from  the  amount 
of  heat  it  sends  out.  Diffcrciit  experimental  laws  have  been  proposed 
to  connect  together  the  heat  radiation  of  a  body,  and  the  temperature 
of  that  body.  The  first  law  which  was  thus  proposed  gives  ten  million 
degrees  Centigrade  as  a  lower  limit ;  the  second  law  reduces  that 
lower  limit  to  a  little  over  1500  degrees.  Both  these  laws  we  now 
know  to  be  wrong.  More  accurate  laws  give  something  like  ten  or 
twenty  thousand  degrees,  but  the  whole  method  employed  is  one  which 
is  open  to  a  great  many  objections. 

We  measure  the  combined  heat  radiation  of  different  layers  on  the 
solar  surfaces,  all  of  which  are  at  difl'erent  temperatures,  and  wo 
observe  only  an  average  effect  which  is  much  influenced  by  the 
absorption  in  the  outer  layers  of  the  solar  Htaiosphoro  and  in  the 
corona,  aud  does  not  admit  of  easy  iuter[irotatiou.  The  spectroscopic 
method,  which  is  yot  in  its  infancy,  lias  the  advantage  that  we  can 
observe  separately  each  layer  of  the  sun,  and  we  thus  examine  the 
temperature  not  as  an  average,  but  for  evory  part  of  the  solar  body. 
Our  way  to  proceed  would  consist  in  carefully  observing  the  ■peotim 
in  different  layers  of  the  suu.  Supposing  we  nbsorvu  a  change  at  one 
point,  wo  may  investigate  at  what  tcnijicrature  that  change  takes 
place,  and  we  may  then  oucribe  tbe  Komo  tcm|>erature  to  that  ]>articular 
nlaoe  at  the  solar  tiurfiux-,  if  no  other  cause  has  intt<rferod  which  may 
have  affected  onr  rc«ult.  This  last  conditional  limitation  leads  us  to 
the  diacnssion  of  the  important  but  difficult  question,  whether  we  can 
dalannino  any  sucb  interfering  cause,  wbicb,  not  being  tompcratare, 
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yet  prodttocs  tho  fliae  ohtngo  in  a  spectram  which  wo  have  hither 
only  afic'ribod  U>  ohaam  of  tempcratare. 

I  luoBt  horo  roiBArk  that  a  change  in  typo  is  not  t}io  only  spectr 
Bcopic  change  in  the  spectnim  w)iich  ia  obeorved  to  take  place  i 
Taryiiig  the  tempitraturo.  Line  spectra  especially  are  subjoct 
curioiiB  Tariatixns  in  the  relative  intensities  of  their  lines.  Thei 
Tnriatinns  fuUow  no  general  role,  and  mnBt  be  investigated  separats 
for  cAch  olomont  The  cause  of  this  variation  is  a  subject  on  whi« 
there  exists  a  great  difference  of  opinion ;  but,  whatever  this  cause  nu 
be,  if  tho  changes  always  take  place  at  one  tixed  temperature,  we  ct 
turn  thoni  into  aoooant  in  measuring  that  temperature.  However  stroi 
our  wish  that  such  a  spectroscopic  moasnrement  of  tcmpt-rature  nil 
nltimately  be  obtaiiie<l,  a  remarkable  complication  of  facts  has  delay* 
the  realisation  of  this  hope  for  at  least  a  considerable  period  of  tim* 

We  have  to  enter  partly  into  a  theoretical  question,  and  I  mn 
necessarily  allude  to  some  of  the  facts  recognised  by  all  who  belies 
in  the  molecular  theory  of  gases.  Koch  molecule,  which,  as  we  ha\ 
seen,  sends  out  rays  of  light  and  heat  on  account  of  its  intern 
motion,  is  surrounded  by  other  molecules.  These  are,  indeed,  vei 
cloecly  packed,  and  Ofmtinually  moving  about  with  enormous  velocitie 
Generally  they  move  in  straight  lines,  but  it  must  necessarily  happc 
that  often  they  come  very  near,  and  then  affect  and  deflect  each  othe 
Perhaps  they  come  into  actual  contact,  jicrhups  they  repel  each  oth< 
BO  strongly  when  near,  tliat  contact  never  takes  place.  The  tin 
elapsing  between  two  such  collisions  is  very  small.  If  yon  ca 
imagine  one  sectmd  of  time  to  be  magnified  to  the  length  of 
hunilred  years,  it  would  only  take  al>out  a  second,  on  the  averag 
from  tho  time  a  molecule  iios  encountered  one  other  molecule  until 
encounters  tho  second.  During  the  greatest  port  of  this  very  shoi 
time,  it  moves  in  a  frtraight  line,  for  tlio  forces  between  molecules  ai 
so  small  that  they  do  not  uirect  each  other,  unless  their  distance  i 
exceedingly  sDiall.  It  is,  therefore,  only  during  a  very  small  fractio 
of  time  tbat  one  molecule  is  under  tho  influence  of  another,  and  it  i 
one  of  the  greatest  problems  of  molecular  physics  to  find  out  whii 
happens  during  that  short  element  of  time.  I  should  like  to  explai 
to  you  how  1  believe  the  spectroscope  may  contribute  its  share  to  th 
settlement  of  that  (luostiou.  In  his  first  great  paper  on  tlie  moleeuln 
theory  of  gases,  tho  liitc  Professor  Clerk  Maxftell  assuniod  that  tw 
niuloeulcs  may  lu-tuiilly  come  iuto  contact,  that  they  may  strike  eaoi 
other,  as  two  billiiird  bulls  do,  and  tlicn  Boparatc,  according  to  th' 
laws  of  elastic  bodies,  This  theory  is  difficult  of  application  when  i 
molecule  contains  more  tliau  one  atou),  and  ospccially  tis  it  did  not  ii 
tho  case  of  conduction  of  heat  give  results  ratified  by  tho  cxperimonta 
test,  Miixwell  iibandi)ned  it  in  fovour  of  the  idea  that  raideculcs  rej)e 
each  other  according  to  the  inverse  fiftli  power  of  the  distance.  Thii 
second  tfieory  not  enly  gave  what  at  the  time  wos  believed  to  bo  the 
correct  low  for  tlie  dependence  of  tlie  ciiefticiont  of  cutrdiiction  on 
teiupemture,  but  it  also  holjied  its  author  over  a  considerable  mathc- 
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mntical  difficulty.  Further  experiments  have  shaken  our  faith  in  the 
first  of  these  two  rcasotisi,  and  the  second  is  not  sufficient  to  induce  us 
to  adopt  without  further  inquiry  the  new  law  of  actiou  botwoon  two 
molecules. 

It  is  exceedingly  likely  that  tlie  forces  acting  between  two  molo- 
cnles  when  they  are  in  close  pruximity  to  each  other  are  partly  due  to, 
or  at  least  modified  by  the  vibrations  of  the  molecules  themselves. 
Such  vibrations  must,  as  in  the  caao  of  sjund,  produce  attractive  and 
repulsive  forces,  and  vibrating  molecules  will  affect  each  other  in  a 
similar  way  as  two  tuning-furka  would.  Now,  if  the  forces  due  to 
vibrations  play  any  important  part  in  a  molecular  encounter,  the 
spectroscojie  will,  I  fancy,  give  us  some  information.  If  two  mole- 
cules of  the  siiroe  kind  encounter,  the  ]>eriudsof  vibration  are  the  same, 
and  the  forces  due  to  vibration  will  remain  the  same  during,  perhaps, 
the  whole  encounter.  If  two  dissimilar  molecules  encounter,  the 
relative  phase  of  the  vibrations,  and  hence  the  forces,  will  constantly 
change.  Attraction  will  rapidly  follow  repulsion,  and  the  whole 
average  effect  will  be  much  smaller  than  in  the  case  of  two  atoms  of 
the  same  kind.  We  have  no  clear  notion  how  such  differences  may 
act,  and  we  must  have  recourse  to  experiment  to  decide  whether  any 
change  in  the  effect  of  an  encounter  is  observed  when  a  molecule  of 
a  different  kind  is  substituted  for  a  molecule  having  the  same  periods 
of  vibration. 

When  a  body  loses  energy  by  radiation,  that  energy  is  restored 
during  an  encounter ;  the  way  in  which  this  energy  is  restored  will 
profoundly  affect  the  vibrations  of  the  molecule,  and  hence  the 
observed  spectrum.  I  have  endeavoured  by  means  of  theoretical 
considerations,  or  speculations,  as  you  may  perhaps  feel  incline<l  to  call 
tbcm,  to  lead  you  on  to  an  cxi>t<rimental  law  which  I  believe  to  be  of 
very  great  importance.  The  spectrum  of  a  molocolo  is  in  fact 
variable  at  any  given  temperature,  and  changes  if  the  molocolo  is 
■orrouudod  by  others  of  difforcot  nature. 

PUieing  a  wtolecule  in  an  atmosphere  of  different  nature  teithout 
change  of  temperature  producu  the  tame  effect  at  would  be  obeerved  on 
lowering  of  temperature. 

Let  mo  give  you  one  example.  Lithium  at  the  tomporature  of  the 
Bunsen  flame  has  almost  exclusively  one  red  lino  in  its  spectrum. 
At  tho  high  teui]>erature  of  the  are  or  spark  the  re<l  line  becomes 
weak,  and  almost  entirely  diisap|>ear8.  It  is  replaced  by  a  strong 
orange  line,  which  is  already  slightly  visible,  tboagh  weak,  at  low 
temperatures,  and  by  ad<litioual  green  and  bine  lines. 

Bat  even  at  the  high  tiunperaturc  of  the  spark  wo  may  obtain 
k^un  a  spectrum  containing  the  red  lino  only  if  we  mix  a  small 
qOADtity  of  lithium  with  a  large  quantity  of  other  material.  The 
■ame  spark,  for  instance,  will  give  us  the  low  temperature  spec- 
trnm  of  lithium  when  taken  from  a  dilute  solution  of  a  lithium  salt, 
.  wd  the  high  tomporsturo  spoctnim  when  that  solution  is  cunova- 


Dr.  Arthur  Srhusi,T 


[J» 


The  ■{Msotn  of  einc  and  tiu  fnrntsh  im  rithor  oxamplea  in 
■ktne  dirMj'tiou,  but  the  npictra  of  nearljall  bodies  bLow  the  same 
in  ft  inoro  or  loan  Ktrikinj;  way.  ' 

If  thia  l»w  which  I  havo  given  yoa  is  %  tme  one,*  and  I  be] 
it  will  stand  any  test  to  which  no  doubt  it  will  bo  subjcctedi 
■ball  bo  able  to  draw  some  important  oonolusions  from  it.  In' 
first  place,  it  will  be  proved  that  the  forces  between  atoms  do  dep 
tin  their  vibrations.  If  this  is  trno,  any  change  in  the  ribrati 
of  the  gpoctrum,  howevor  suiall,  will  entail  a  corresponding  chang 
all  the  other  properties  of  the  body.  On  the  other  hand,  any  cba 
in  tlic  affinities  of  the  element  observed  by  other  means  will 
reproeented  by  a  change  in  the  siiectrum.  ' 

It  is  also  possible  that  the  introdoction  of  forces  dae  to  Tibral 
motion  will  help  us  over  a  considerable  difficulty  in  the  molcoa 
theory  of  gases.  Some  of  the  conclusions  of  that  theory  arW 
present  absolutely  contrary  to  fact.  A  speotroscopiet,  for  instan 
who  is  acquainted  with  the  mercury  spectrum  and  all  the  changes 
that  spectrum  which  can  take  place,  feels  more  than  sceptical  whi 
is  told  that  the  molecule  of  mercury  contains  only  one  atom,  wi 
neither  rotates  nor  vibrates. 

Nor  can  it  be  of  advantage  to  science  to  pass  silently  over 
difficulty,  or  to  neglect  it  as  unessential,  as  is  often  done  by  m( 
writers.  The  late  Professor  Maxwell,  at  least,  was  well  awwe 
ifflportanco,  and  has  often  expressed  in  private  conversation 
serious  a  check  he  considered  the  molecular  theory  of  gases  to 
received,  This  is  not  the  place  to  enter  more  fully  into  this  poi 
and  to  consider  how  the  vibratory  forces  may  afiect  some  of  i 
SDppositions  on  which  the  theoretical  consequences  are  founded.      4 

However  important  the  effects  of  concentration  or  dilution  on  t1 
spectra  may  be,  they  render  the  spectroecope  less  trustworthy  as 
thormometric  instrnment ;  for  if  the  company  in  which  a  molecule 
placed  changes  the  spectrum  in  the  same  way  as  temperature  wonl 
it  will  be  difficult  to  interpret  our  results.  But  although  the  di 
Cttssion  of  our  observations  may  be  rendered  more  ari.luons  ai 
complicated,  we  need  not  ou  that  account  despair.  It  is  one  of  tl 
problems  of  spectroscopy  to  find  out  the  composition  of  bodies,  m 
only  qualitatively,  but  also  quantitatively,  and  wlicn  we  shall  kno 
in  what  proportion  different  bodies  are  distributed  in  the  sun,  we  ma 


•  Lockyer,  'Stadiea  in  Ppeclrum  Analyain,'  p.  HO,  Hmws  attention  to  tl 
fact  that  an  admixture  nf  a  second  element  dime  tlic  sptirtrum  of  the  firBt,  and  h 
ezpreoea  this  fact  by  snying :  "  In  encoiintcn  n(  disi-imilar  molecales  the  vibre 
tioDB  of  each  are  diunped."  Later  he  has  rUowh  th«t  the  linos  of  oxygen  ani 
nitrogen,  which  are  wide  nt  atoiosphcrio  prossiire.  thin  out  when  the  gases  ar 
only  present  in  unall  quantitiesL  Lecoq  de  B<iiabnudran  in  his  'Atlas'  give 
several  examples  of  the  differences  in  the  relative  brilliaQcy  of  lines  proiluced  b] 
concentrating  or  dilating  the  solution  frum  which  the  Bpnik  ia  t.iken.  The  com 
plete  parallelism  of  this  change  to  the  changca  produced  by  iucrtfosod  tempeiatort 
has,  however,  never  received  suffloient  attention. 
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reduce  tbo  problem  of  finding  out   tbig  temperature  to  tbo  much 
simplor  one  of  finding  out  the  temperature  of  a  given  electric  epark. 

I  bope  that  the  few  facta  which  I  hare  been  able  to  bring  before 
yon  to-night  hare  given  you  some  idea  of  the  important  questions 
which  have  been  brought  under  the  range  of  spectroscopic  research. 
Many  of  these  questions  still  await  an  answer,  some  have  only  been 
brought  into  the  preliminary  star;e  of  speculative  discussion,  but  the 
questions  have  been  raised,  and  the  student  of  the  history  of  science 
knows  that  this  is  an  important  step  in  its  duvolopment  and 
progreea.  The  spectrum  of  a  molecule  is  the  language  which  that 
molecole  speaks  to  us.  This  language  we  are  endeavouring  to  under- 
stand. The  unexperienced  in  a  new  tongue  which  he  is  trying  to 
leam  docs  not  distinguish  small  differences  of  intonation  or  expres- 
sion. The  power  over  these  is  only  gradually  and  slowly  acquired. 
So  it  is  in  our  science.  We  have  passed  by,  and  no  doubt  still  are 
passing  by,  unnoticed  differences  which  appear  slight  and  unimportant, 
but  which  when  properly  understood  will  give  us  more  information  than 
the  rungh  and  crude  distinctions  which  have  struck  us  at  first.  Wo 
have  eitooded  our  methods  of  research  ;  we  have  extended  our  power 
over  the  physical  agents ;  we  can  work  with  the  temperature  of  sun 
and  stars  almost  as  we  can  with  those  in  our  laboratories.  No  one 
can  foretell  the  result,  and  perhaps  in  twenty  years'  time  another 
lecturer  will  speak  to  you  of  a  spectroscopy  stiU  more  modem  in 
which  some  questions  will  have  reooivod  their  definite  answer,  and 
by  which  new  roads  will  have  been  opened  to  a  further  extension  of 
science. 

[A.  S.] 
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WEEKLY  EVENING  MEETINO, 

Friday,  Fcbrnary  4,  1881. 

TaoMAB  Boycott,  M.D.  F.L.8.  ViwvPreaident,  in  the  Clu 

Db.  Andbkw  WiuoN,  F.R.S.E.  &c 

The  Origin  of  Co/onial  Orijanitms. 

EvKRT  Miinud  devolopg,  dirootljr  or  iudtrectlf,  from  an 
•gg,  and  the  plant  xpriugs,  directly  or  indirectly,  irum  I 
Mod.  One  chief  difforeuce  between  low  and  higli  forma  of  life  C 
aista  iu  the  fact  that  the  development  of  tho  former  ceases  at  a  st 
when  the  development  of  tho  latter  has  barely  begnn.  The  € 
garina  is  a  microscopic  speck  of  protjplosm  living  paroaitically  wit 
the  bodies  of  earthworms  and  other  Articulated  animals.  Wl 
development  takes  place,  the  body  becomes  oval,  develops  a  wall 
cyst,  and  the  internal  protoplasm  breaks  np  into  small  spindle-sba] 
masses.  Tho  body  then  ruptures,  and  the  small  segments  osca 
each  to  become  a  Gregarina,  without  further  change,  save  the  develi 
tncnt  of  a  nucleus.  Each  Gregarina  at  first  appears  as  a  sinj 
animal  or  per»nui,  which  converts  itself  by  segmentation  into 
aggregation  of  such  beings.  There  is  thus  a  temporary  developmi 
of  a  compound  or  colonial  state.  Similarly  the  Amcelxp  (which  i 
low  protozoa,  living  in  stagnant  water  and  infusions,  and  moving 
do  the  white  corpuscles  of  our  blood  by  emitting  pteudopodia, 
processes  of  their  protoplasmic  subatance),  when  undergoing  develc 
ment,  exhibit  segmentation  or  internal  divisiou  of  their  substani 
and  thus  exhibit  a  compound  state  as  a  transitory  feature  of  th( 
reproductive  phases. 

It  is  noteworthy  that  in  developing  from  tho  egg  the  embryos 
all  higher  animals  cxiiibit  a  like  process  of  sogmeutution  or  divisio 
as  a  preliminary  ]>ha8e  of  their  reproduction.  There  are  also  forms 
protozoa — Myxodictt/um — which  are  truly  "  colonial  "  as  adults,  at 
which  consist  of  masses  of  protoplasm  aggregated  together  to  fori 
compound  organisms.  Tho  Foraminifera  are  likewise  "  colonial ' 
since  the  ehells  of  these  minute  protozoa  exhibit,  as  a  rule,  a  divisio 
into  chambers,  each  occupied  by  a  distinct  protoplasmic  unit,  organic 
ally  connected  to  its  neighbours  firom  which  it  was  produced  b 
budding. 

The  Volrox  globator,  formerly  known  as  the  "  Glol>e  animalcule,' 
but  now  ascertained  to  bo  a  free-swimming  lower  plant,  is  composoc 
of  distinct  units,  each  provided  with  two  cilia,  and  resembling  a 
Chlamydomona*.  Volvox  is,  in  fact,  a  colony  of  monads.  A  Sponge  is 
a  compound  or  "  colonial "  organism,  in  that  it  consists  of  on  aggre* 
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gatinn  of  protoplasmic  units,  some  of  which  rosemhie  Amoebee  in 
nature,  whilEt  others  resemble  Chlamydomonads.  The  protoplasmio 
nnits  of  a  spougc-oolonj  are,  as  a  rule,  united  together  by  a  common 
skeleton  they  have  helped  to  elaborate.  Each  sponge  grows  from  an 
egg,  the  process  of  reproduction  by  "budding"  being  also  represented 
in  the  group.  Two  Spongllla,  or  common  fresh-water  sponges,  will 
nnite  if  placed  in  contact,  or  may  separate  spontaneously.  The 
sponge  arising  from  an  egg,  like  a  higher  animal,  thus  exhibits  seg- 
meutatiou  and  segrogatiun  of  its  parts,  and  comes  to  retain  tliis  segre- 
gate and  colonial  nature  as  a  permanent  feature  of  thoir  race. 

rThe  Hydne  of  the  fresh-water  pools,  load  us  to  a  type  of  animals 
nearly  related  to  the  sponges.      Each  is  a  tubular  animal  which  may 
Ite  artificially  divided,  and  which  throws  off  gemmce  or  bnds  naturally. 
Each  Hydro-bud  grows  iato  the  exact  likeness  of  its  parent,  and 
nltimatttly  detaches  itself  from  the  parent  body. 
The  Boophytos  arc  simply  Hydrm  which  have  buddcxl,  but  whose 
bods  remain  permanent  to  form  a  veritable  tree,  whose  growth  is  ever 
inorsssing,  and  through  whoso  branches  a  continual  store  of  nutri* 
ment  is  continually  circulating.    Many  zoophytes  produce  eggs  which 
simply  and  directly  develop  into  the  compound  adults  by  budding. 
Others  develop  eggs  through  the  media  of  jelly-fish  or  mednsoid- 
bnds,  which  break  away  from  the  parent  tree  and  live  an  independent 
^_  existence  in  the  sea.     In  some  zoophytes  there  may  be  seven  diflferent 
^^^Idnds  of  units  in  the  colony,  all  referable,  however,  to  one  type. 
^^       A  Flustra,  or  "  sea  mat,"  grows  upon  shells  and  resembles  a  piece 
of  pale  brown  seaweed.      Each  organism  is  an  animal  colony,  but  its 
i         units,  which  may  number  several  thousands  in  one  organism,  are  not 
struct  orally  connected  together  like  those  of  the  zoophytes,  but  are 
contained  each  in  a  separate  cell. 

The  Tmuliida  or  tapeworms  consist  each  of  a  linear  series  of  similar 
"joints."  Each  "joint"  is  in  reality  comparable  to  the  unit  of 
zovtphyte  or  "  sea  mat,"  for  it  is  essentially  a  distinct  member  of  a 
colony,  and  possesses  a  complete  sot  of  goncrativo  and  other  organs, 
and  is  pnxluced  from  the  head  and  neck  by  budding.  According 
to  HaecJud.  starfishes  and  sea  urchins  are  each  compound  or  "  colonial " 
^nim^la.  Structurally,  it  is  provable  that  each  ray  of  a  starfish 
oomsponds  with  worm-structure  in  broad  details.  The  NaTs  and 
ottier  fresh-wator  worms  produce  young  forms  by  a  new  head  being 
budded  out  amongst  their  joints.  There  is  here  seen  a  tendency  to 
become  doubly  "  colonial  "  ;  inasmuch  as  the  single  worm  is  typically 
k  **  colonial "  animal,  and  the  now  hoad-dovelopmont  causes  this 
oomponnd  body  to  detach  a  now  colony. 

Amoogst  insects,  the  Aphidft,  or  plant-lice,  prodnco  by  Toritablo 
"  budding "  now  generations,  and  the  queen  bee  does  not  fertilise 
those  eggs  which  are  destined  to  become  "  drone  "  bees.  Thos,  the 
kcmology  of  an  egg  with  a  "  bud  "  appears  demonstrable. 

It  is  the  business  of  philosophy  to  oorrelate  and  arrange  (kcts  to 
imn  a  harmonious  and  scicutiflo  system.     The  philosophy  of  biology 
Vou  IX.     (No.  73.)  2  H 
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WEEKLY  EVENING  MEETING, 
Friday,  February  11,  1881. 
Wiuxui  BoWKAX,  Esq.  F.R.S.  Vice-President,  in  tho  CI 
BoBBBT  S.  Call,  Esq.  LL.D.  F.RS. 

A«nKHM»ua  aoiAi.  or  ibuaxd. 

The  DUtancet  of  the  Stars. 

EvEBT  one  who  is  acquainted  with  tho  rudiments  of  astronomy  kx 
that  tho  sun  with  its  attendant  planets  is  merely  on  island 
tho  vast  realms  of  space. 

An  island  the  size  of  this  room  in  the  middle  of  the 
wouhl  bo  over  a  thousand  miles  from  the  coasts  of  Europe^ 
America  on  either  side.  Yet  that  island  would  not  be  more  remo 
•part  from  the  surrounding  shores  than  is  our  solar  system  from 
bodies  which  surround  it  in  space.  To  determine  the  distance  fi 
this  solar  island  to  the  stars  which  surromid  it,  is  tho  problem  for 
consideration  tu-uight. 

Recent  Re$earche»  on  61  Cygni. 

It  is  now  almost  exactly  forty  years  (February  12, 1841)  since 
gold  modal  of  tho  Boyal  Astronomical  Society  was  awarded  to  Bee 
for  his  discoTery  of  the  annual  parallax  of  61  Cygni.  On  i 
occasion  Sir  John  Eorschel  delivered  on  address,  in  which  he  giant 
at  tho  labours  of  Struve  and  Henderson  as  well  as  Bessel.  T 
discovery  of  the  distances  of  the  stars  was  alluded  to  as  "  the  great 
and  most  glorious  triumph  which  practical  astronomy  has  e\ 
witnossoil."  From  this  date  the  history  of  our  accurate  knowlec 
of  tho  subject  may  be  said  to  commence.  Each  succeeding  race 
astronomers  takes  occasion  to  investigate  the  parallax  of  61  Cy{ 
anew,  with  the  view  of  confirming  or  of  correcting  the  results  orriv 
at  by  Bessel. 

[The  parallactic  ellipse  which  tho  stars  appear  to  describe,  hovii 
been  briefly  explained,  the  method  of  deducing  the  distances  of  t 
stars  was  pointed  out.] 

The  attention  of  Bessel  was  directed  to  61  Cygni  by  its  prop 
motion  of  five  seconds  per  annum.  When  Bessel  was  at  his  labours  : 
1838,  the  pair  of  stars  forming  the  double  were  in  tho  poaitic 
indicated  on  Fig.  1.  When  O.  Struve  undertook  his  labours  in  185 
the  pair  of  stars  forming  61  Cygni  hod  moved  considerably,  as  i 
shown  on  the  figure.  Finally,  when  tho  star  was  observed  a 
Dunsink  in  1878,  it  had  modo  another  advance  in  the  same  directioi 
OS  before.  In  forty  years  this  object  had  moved  over  an  arc  of  th 
heavens  upwards  of  three  minutes  in  length. 
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The  diagram  contains  fonr  other  stars  besidee  the  throe  positionB  of 
61  Ojgni.    These  are  but  sm^  telescopic  objects,  they  do  not  parti- 
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dpate  in  the  large  proper  motion  of  61  Ojgni,  and  they  may  he 
preramed  to  be  mnon  mora  remote  from  w.    BeeMi  obow  a*  the 
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OQm|arisaB   dus   the    two   objoots   nuurked  with   his  name. 
taetaani  the  distanoo  from  the  central  point  of  61  Cygni  to  em 
the  two  oomparison  etars.     From  a  seriee  of  such  measmes  he 
ooTored  the  p*rallactic  ollipeo  of  61  Cygni.     He  was  led  to  the 
ollipM  by  eaioh  of  tbo  two  oompariBon  stars. 

Fifteen  years  latter  (1853^  Strave  nndertook  a  new  dotermina^ 
He  ohoao  a  comparison  star  different  from  either  of  thoee  Beaseli 
used.  Strnve's  method  of  obeerring  was  also  qnite  different  i 
Beaael's.  Btrnve  made  a  series  of  measitres  of  the  distance 
position  of  the  comparison  star  from  61  (B)  CjgnL  Strnve  suocet 
also  in  measuring  the  parallactic  ellipse. 

There  was,  however,  an  important  difference  between  thoir  real 
The  distanoo,  according  to  Bossel,  was  half  as  much  ogain  as  Stlj 
found.  Bossol  said  the  distance  was  sixty  billions  of  miles ;  StS 
said  it  conld  not  be  more  than  forty  billions. 

The  discrepancy  may  be  dno  to  the  comparison  stars.  If  Besa 
comparison  stars  were  only  about  three  times  as  far  as  61  Cyi 
while  Struvo's  star  was  about  eight  or  ton  times  as  far,  the  differs! 
between  Stmve's  result  and  Bessel's  would  bo  accounted  for.  ' 

To  settle  the  question,  observations  were  subsequently  made  I 
Anwers  and  others ;  the  latest  of  these  investigations  is  one  which  1 
recently  been  completed  at  Dunsink  Observatory. 

Dr.  BrQnnow  commenced  a  series  of  measures  of  the  difference 
declination  between  61  Cygni  and  a  fourth  comparison  star.  1 
carrying  out  of  this  work  devolved  on  the  loctorer,  as  Dr.  Brunnoi 
■nooesBor.  Two  series  of  observations  have  been  made,  one  with  ei 
of  the  components  of  61  Cygni.  The  results  agree  very  nearly  wi 
those  of  Struve. 

On  a  review  of  the  whole  qnestion,  there  seems  no  donbt  that  t 
annual  parallax  of  61  Cygni  is  nearer  to  the  half  second  found 
Btruve,  than  to  the  third  of  a  second  found  by  Bessel. 

To  exhibit  the  nature  of  the  evidence  which  is  available  for  ti 
solution  of  such  a  problem,  a  diagram  showing  the  observations  h 
been  prepared.     In  the  accompanying  Fig.  2  the  abscissa;  are  tl 
dates  of  the  second  scries  of  observations  mode  at  Dunsink.     Tl 
ordinates  indicate  the  observed  effect  of  jmrollox  on  tbo  difference 
declinations  between  61  (B)  Cygni  and  the  comparison  star.     Ea( 
dot   represents   the   result  of  tho  observations  made  on  the   corr 
spondiug  night.     The  curve  indicates  where  the  observations  shonl 
have  been  with  a  parallax  of  0"  •  47.     The  discordances  seem  in  man 
coses  very  considorable.     They  are  not,  however,  intrinsically  so  gret 
as  might  perhaps  bo  at  first  thought.     The  distance  from  the  top  c 
tho  curve  to  tho  horizontal  line  represents  an  angle  of  four-tenths  o 
a  second.     This  is  about  tho  apparent  diameter  of  a  penny-piece  a 
the  distance  of  ten  miles.     Tho  discordance  between  the  observation: 
and  the  curve  is  in  no  case  much  more  than  half  so  great.     It  there 
fore  appears  that  tho  greatest  error  we  have  mode  in  those  observationi 
amounts  to  but  two  or  three  tenths  of  a  second.     This  is  equivalent  t< 
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the  error  of  pointing  the  telescope  to  the  top  edge  of  a  penny-pieoe 
instead  of  to  the  bottom  edge  when  the  penny-piece  was  fifteen  or 
twenty  miles  off. 

FlO.  2.— PABAU.AZ  IM  DlCUHATION  Or  61  (B)  CTom. 


Ordinates  indicato  paimltat. 
Dots  indicate  obaerratioDa. 

Still,  howoTor,  the  entire  quantity  to  be  measured  is  so  small  that 
the  errors,  minute  as  they  are,  bear  a  largo  proportion  to  the  parallax. 
In  this  lies  the  weakuoes  of  such  work.  By  safficicntly  mnltiplying 
the  nnrabers  of  the  obsorrations,  and  by  discussing  them  with  the  aid 
of  the  method  of  least  squares,  considerable  confidence  may  be 
attached  to  the  results. 

OroombricLje  1830. 

This  star  has  been  the  subject  of  much  parallax  work.  It  has  a 
proper  motion  of  seven  seconds  annually.  Mr.  Huggins  or  Mr. 
Chnstie  could  perhaps  aaoortain  by  the  spectroooope  what  its  motion 
nay  bo  in  the  line  of  sight.  From  the  theory  of  probabilities  it  may 
not  improbably  bo  nine  seconds.  We  shall,  however,  take  it  at  seven 
woonda.  The  (larallax  has  been  detormined  by  Stnive  and  by  Bnlnnow. 
It  ia  very  small,  being  onc-tcnth  of  a  soooud.  The  actual  velocity  of 
1830  Grooiiibridgo  must  therefore  be  70  radii  of  the  earth's  orbit  per 
annum,  or  200  miles  per  soooud. 

Nowcomb  has  employed  this  result  to  throw  light  on  the  qoestioo 
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as  to  whether  all  onr  Btars  form  one  sjBtem.  If  on  isoLited  body  in  d 
KTfitain  18  to  remain  there  for  ever,  the  theory  of  graritation  impoi 
the  iinperatiTe  cundition,  that  the  Telo<;ity  of  the  body  mast  not  exoM 
a  vortain  amoant.  Assuming  that  the  stars  arc  100,000,000  in  nombi 
and  that  each  star  is  fire  times  as  large  as  the  sun,  assuming  also  til 
thoy  are  spread  out  in  a  thin  layer  of  such  dimensions  that  a  ray  I 
light  takes  30,000  yean  to  pa«8  it,  Newcomb  shows  that  the  critid 
▼elucity  is  25  miles  per  second.  1 

As  this  is  only  the  eighth-part  of  the  velocity  of  Groombrim^ 
1830,  we  are  thos  led  to  the  dilemma  that  cither  the  massos  of  tl 
bodies  in  oar  system  must  be  much  greater  than  we  have  supposed,  o 
Groombridge  1830  is  a  runaway  star,  which  can  nevor  be  oontrolle 
and  brought  back. 

Search  for  Siar$  leith  Parallax.  J 

The  lecturer  has  boon  engaged  for  some  years  at  Dnnsink  Obsn 
▼atory  in  a  systematic  search  for  stars  which  have  au  appreciabli 
parallax.  Up  to  the  present  aboot  throe  hundred  stars  hare  beei 
examined.  Li  the  majority  of  cases  each  of  these  stars  has  beei 
obscrvod  only  twice.  The  dates  of  the  observations  have  been  chosen 
BO  as  to  render  the  effects  of  parallax  as  manifest  as  possible.  It  ii 
not  of  course  cxpoctod  that  a  small  parallax  of  a  few  tenths  of  a  second 
could  be  dotoctod  by  this  means. 

The  errors  of  the  observations  would  mask  any  parallax  of  this 
kind.  It  seems,  however,  certain  that  no  parallax  could  have  escaped 
detection  if  it  at  all  approached  to  that  of  a  Centauri. 

The  stars  examined  have  been  chosen  on  various  grounds.  It  had 
been  supposed  that  some  of  the  red  stars  were  possibly  among  the 
eun's  neighbours,  and  consequently  many  of  the  principal  red  stars 
were  included  in  our  list.  No  appreciable  parallax  Los,  however, 
been  detected  in  any  of  the  red  stars  up  to  the  present.  Many  of  the 
principal  double  stars  ore  also  included  in  the  list.  Other  stars  have 
been  added  on  very  various  grounds,  among  them  may  be  mentioned 
the  Nova,  which  some  time  ago  burst  out  in  the  constellation  Cygnns, 
and  dwindled  down  again  to  a  minute  point.  The  earth's  orbit,  how- 
ever, does  not  appear  any  larger  when  seen  from  Nova  Cygni  than 
from  any  of  the  other  stars  on  onr  list.  ^u 

Oroombridge  1618. 

Wo  have,  however,  found  one  star  which  seems  to  have  some  claim 
to  attention  as  one  of  the  sun's  neighbours.  The  star  in  question  is 
Groombridge  1618.  It  lies  in  the  constellation  Loo,  and  is  6'5  mag- 
nitude, Groombridge  1618  has  a  proper  motion  of  1"'4  annually. 
From  a  series  of  measurements  of  its  distance  made  on  fifty-five 
nights  from  a  suitable  comparison  star,  the  parallax  of  Groombridge 
1618  appeared  to  be  abont  one-third  of  a  second.  As  this  seemed  to 
be  a  result  of  considerable  interest,  measures  were  renewed  for  a 
second  series  of  forty  nights.    The  result  of  tho  second  series  oon- 
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firmB  tho  first.  Measurements  of  the  position  angle  wore  also  made 
at  tho  game  time.  Some  difficnltiee  not  yet  fnlly  explained  have 
arisen,  but  on  the  whole  the  moasurcmonte  of  tho  positive  angle  seem 
to  confirm  tho  snpposition  that  the  parallax  of  Groombridgo  1618  ia 
about  one-third  of  a  second.  No  doubt  this  is  but  a  small  quantity. 
The  orbit  of  the  earth  viewed  from  Groombridgo  1G18  is  about  tho 
same  size  as  a  penny-piece  at  the  distance  of  seven  miles. 

Proper  Motiont  of  the  Start. 

Geologists  have  made  us  acquainted  with  the  cnormons  intervals  of 
time  which  have  elapsed  since  tho  earth  first  became  the  abode  of 
living  animals.  Begarding  a  period  of  50,000,000  of  years  as  com- 
parable with  geologic  time,  some  considerations  were  adduced  as  to  the 
effect  of  proper  motions  during  such  an  interval.  It  was  pointed  out 
that  in  all  probability  none  of  the  stars  now  visible  to  the  unaided  eye 
can  have  then  been  visible  from  the  earth. 

The  Nature  of  Space. 

The  possible  connection  of  parallax  work  with  the  problems  of  the 
nature  of  space  was  then  alluded  to.  It  was  shown  that  if  space  be 
hyperbolic  the  observed  parallax  is  smaller  than  the  true  parallax,  while 
the  converse  must  bo  the  case  if  space  be  elliptic.  The  largest  triangle 
accessible  to  our  measurements  has  for  base  a  diameter  of  the  earth's 
orbit,  and  for  vertex  a  star.  If  the  defect  of  such  a  triangle  be  in  any 
case  a  measurable  quantity,  it  would  seem  that  it  can  only  be  elicited 
by  obeorvations  of  tho  same  kind  as  those  which  are  made  use  of  ia 
parallax  investigations. 

[B.  8.  B.] 

WEEKLY  EVENING  MEETINGS. 

Friday,  February  18,  1881. 

Tbouas  Botoott,  M.D.  FX.S.  Vice-President,  in  the  Chair. 

Sir  JoHM  Lubbock,  Bart.  M.P.  D.O.L.  F.B.S.  M.B.I. 

Fruits  and  Seedt. 

(The  Diteoarae,  with  lUostratioiM,  will  be  giren  in  tlio  next  nnmbcr  of  tha 


Friday,  February  25,  1881, 

Thomas  Botoott,  M.D.  F.L.S.  Vice-President,  in  the  Chair. 

Dr.  J.  S.  BuBOOK  Sandkbbo!*,  LL J).  FJLS. 

Excitalililj/  in  Phintt  and  Animalt. 

(Abtlrool  dateMd.) 


Ar  William  Thanmm 


[March 


WEEKLY  EVENING  MEETING, 

Friday.  March  4,  1881. 

WtLLiAH  BowxAH,  Esq.  F.B.S.  Yice-President,  in  the  Chair. 

Sir  WujLiAJi  Thomsos,  LLJ).  F.R.S.  etc. 

Ehulicily  fAetoed  at  potsibly  a  Mode  of  Motion. 

With  reference  to  the  title  of  his  disconrse  the  speaker  said :  " ' 
mere  title  of  Dr.  Tyndoll's  beantifal  book,  '  Heat,  a  Mode  of  Motic 
ia  a  lesson  of  truth  which   has  mauifestod   far  and  wide   throngs 
the  world   one  of  the   greatest  discoveries  of  modem   philosoph] 
I  hsTo  always  admired  it;  I  have  long  coTctcd  it  for  Elosticit 
and  now,  by  kind  permiBsion  of  its  inventor,  I  have  borrowed  it : 
this  evening's  discourse. 

"  A  century  and  a  half  ago  Daniel  Bemouilli  shadowed  forth  the 
kinetic  theory  of  the  elasticity  of  gases,  which  has  been  accepted  as 
truth  by  Joule,  splendidly  developed  by  Ohiusiue  and  Maxwell,  raised 
from  statistics  of  the  swnyiugs  of  a  crowd  to  observation  and  measure- 
ment of  the  free  path  of  an  individual  atom  in  Tait  and  Dewar's 
explanation  of  Crookos'  grand  discovery  of  the  radiometer,  and  in  the 
vivid  realisation  of  the  old  Lncretian  torrents  with  which  Crookes 
himself  has  followed  up  their  explanation  of  his  own  earlier  experi- 
ments; by  which,  loss  theiu  two  hundred  years  after  its  first  discovery 
by  liobert  Boyle,  'the  Spring  of  Air'  is  ascertained  to  be  a  mere 
Btatixtical  resultant  of  myriads  of  molecular  collisions. 

"  But  the  molecules  or  atoms  must  have  elasticity,  and  lhi»  elasti- 
city mnst  be  exi)Iainfd  by  motion  before  the  uncertain  sound  given 
forth  in  the  title  of  the  discourse, '  Elasticity  viewed  as  {tossibly  a 
Mode  of  Motion,*  can  be  raised  to  the  glorious  certainty  of  '  Hoat,  a 
Mode  of  Motion.' " 

The  speaker  referred  to  spinning-tops,  the  child's  rolling  hoop, 
and  the  bicycle  in  rapid  motion  as  cases  of  stiff,  elastic-like  firmness 
produced  by  motion  ;  and  showed  experiments  with  gyrostats  in  which 
upright  positions,  utterly  unstable  without  rotation,  were  maintained 
with  a  firmness  and  strcugth  and  elasticity  as  might  be  by  bands  of 
steel.  A  flexible  endless  chain  seemed  rigid  when  caused  to  run 
rapidly  round  a  puUey,  and  when  caused  to  jump  off  the  pulley,  and 
let  fall  to  the  floor,  stood  stiflly  upright  for  a  time  till  its  motion 
was  lost  by  impact  and  friction  of  its  links  on  the  floor.  A  limp  disc 
of  indiaruhber  caused  to  rotate  rapidly  seemed  to  acquire  the  stifihess 
of  a  gigantic  Rubcus'  hat-brim.  A  little  wooden  boll  which  when 
thrust  down  under  stiD  water  jumped  up  again  in  a  moment,  remained 
down  as  if  embedded  in  jolly  when  the  water  was  caused  to  rotate 
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rapidly,  and  spmng  bock  as  if  the  wator  had  elasticity  like  that  of 
jeUy,  when  it  was  struck  by  a  stiff  wire  pushed  down  through  the 
centre  of  the  cork  by  which  the  glass  vessel  containing  the  water  was 
filled.  Lastly,  largo  smoke  rings  discharged  from  a  circular  or 
elliptic  aperture  in  a  box  were  shown,  by  aid  of  the  electric  light,  in 
their  progress  through  the  air  of  the  theatre  when  undisturbed.  Each 
ring  was  circular,  and  its  motion  was  steady  when  the  aperture  from 
which  it  proceeded  was  circular,  and  when  it  was  not  disturbed  by 
another  ring.  When  one  ring  was  sent  obliquely  after  another  the 
OoUision  or  approach  to  collision  sent  the  two  away  in  greatly  changed 
directions,  and  each  vibrating  seemingly  like  an  Lndiarubber  biuid. 
When  the  aperture  was  elliptic  each  undisturbed  ring  was  seen  to  be 
in  a  state  of  regular  vibration  from  the  beginning,  and  to  continue  ao 
throughout  its  course  across  the  locture-room.  Here,  then,  in  water  ' 
and  air  was  elasticity  as  of  on  clastic  solid,  developed  by  more  motion. 
May  not  the  elasticity  of  every  ultimate  atom  of  matter  bo  thus 
explained?  But  this  kinetic  theory  of  matter  is  a  dream,  and  can 
be  nothing  else,  until  it  can  explain  chemical  affinity,  electricity, 
magnetism,  gravitation,  and  the  inertia  of  masses  (that  is,  crowds  of 
vortices). 

Le  Sage's  theory  migbt  easily  give  an  explanation  of  gravity  and 
of  its  relation  to  inertia  of  macMt,  on  the  vortex  theory,  were  it  not 
for  the  essential  acolotropy  of  crystals,  and  the  seemingly  perfect 
isotropy  of  gravity.  No  finger-post  pointing  towards  a  way  that  can 
possibly  lead  to  a  surmounting  of  this  difficulty,  or  a  turning  of  its 
flank,  has  been  discovered,  or  imagined  as  discoverable.  Belief  that 
no  other  theory  of  matter  is  possible  is  the  only  ground  for  antici- 
pating that  there  is  in  store  for  the  world  another  beautiful  book  to 
bo  called  "  Elasticity,  a  Mode  of  Motion." 

[W.T.] 


0«Mrai  MottlUg  Mttling. 


GENERAL  MONTHLY  MEETDfO, 
Mondaj,  March  7,  1881. 

Tax  DcKX  or  Nobthcxbeblahd,  D.CJi.  LL.D.  President,  in 

Chair. 

Edward  James  Bevir,  Esq.  Q.C.  M.A. 

Francis  Chalmore  Crawford,  Esq. 

Mrs.  Fannj  Cntlor, 

The  Hon.  Cecil  Dunoombe, 

Frederick  Allen  Gower,  Esq. 

Eran  Hanbury,  Esq. 

Mrs.  Isabella  Ellon  Leaf, 

Paul  Margctson,  Esq. 

Mrs.  Marie  Miillor, 

William  Smith  Norman,  Esq. 

Walter  John  Stanton,  Esq.  M.P. 

William  Tarn,  Esq. 

Alfred  Tylor,  Esq.  F.G.8. 

wore  elected  Members  of  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  voted  to  Mr.  Thomai 
Fall  for  hia  present  of  a  life-sized  Photograph  Portrait  of  Pbofissoi 
Farasat  in  a  gilt  frame. 

The  Pbbsknts  received  since  the  last  Meeting  wore  laid  on  the 
table,  and  the  thanks  of  the  Members  rotnmod  for  the  same,  viz. : — 


TAa  Oot>«rnm«»i/ o/AVuiZM/aN<J— Statistics  of  New  Zealand  for  1879.    fol.    1880. 

Aeeademia  dei  Lineet,  ReaU,  Roma — Atti,  Serie  Terzu:   Traoaunti:  Tome   V. 

Fasc  5.    4to.     1880. 
Ameriam  Academy  of  Artt  and  ScUncei,  Boiton—\ol.  XV.    (N.  8.  VIL)    Part  2. 

8vo.     1880. 
American  Philoiophical  Sodely — Catalogue  of  Library,  Paris  1,  2.     8vo.     1878. 
Proooodingg,  No.  106.    8vo.     1880. 
[  Anaiie  Soatly  of  Bengal — 1880,  Proceedings,  No.  6.     8to. 
'  Atbvnomieal  Society,  lioyal — Monthly  Notices,  Vol.  XLI.  No.  !t.    8vo.     1881. 
BaAford,  John  L.  Eiq.   M.A.  M.R.I,  (the  Author) — Elementary  Education   in 
Saxony.    (O  17)     16U).     1881. 
,  Briiith  ArehitecU,  Royal  IntliiuU  o/— Proceedings,  1880-1.     No.  11.    4to. 
tOrim,  Frank,  Eiq.  LL.B.  F.L.8.  ie.  M.R.I,  {the  Editor)— Joninal  o{  the  Royal 
I       MicroKJopical  Society,  Vol,  III.  No.  6.    Sya    1880. 


It 


feneral  Monthly  Meeting. 
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Dax :  SoeiAi  de  Borda— Ballctins :  2*  Scrie,  Cinquiemo  Annde :  Trimeatre  4.  Sra 

Dm,  1879. 
Editon — American  Jouronl  of  Science  for  Feb.  1881.    8to. 
Analj'Bt  for  Fob.  18S1.     8vo. 
Athenaeum  for  Feb.  1881.    4to. 
Chemicul  News  for  Feb.  1881.    4to. 
Engineer  for  Feb.  1881.    fol. 
Horolngioal  Joamal  for  Feb.  1881.    8to. 
Iron  for  Feb.  1881.    4to. 
Nature  for  Feb.  18S1.     4to. 

Berne  ScienliG(]ue  nnd  Revue  Politique  et  Littemirc,  Feb.  1881.     4to. 
Telegr»phic  Journal  for  Feb.  1881.     8vo. 
Franklin  liut/ <•»(«— Journal,  No.  662.     8to.     1881. 
Qtagraphical  Soeielii,  Royal — Prooeedings,  New  Series.    Vol.  III.  Na  2,    8va 

1880-1. 
OtaUigieal  SoeMy— Quarterly  Journal,  No.  145.    8to.     I88I. 
Oiilogieal  Boeitty  o/  Inland,  fioynZ-Joumul.  Vol.  XV.  Port  3.    8to.     1880. 
OiatgiM  PkilotopltiMU  Sooi'rfy— rrt)cee(linn.  Vol.  Xtl.  No.  I.    8vo.     1879-8U. 
Hclme$-Forii».  Avary  W.  Ktq.  M.A.  M.B.I.  (the  i4irfAor>— The  Science  of  Beauty  : 

an  Analytic  Inquiry  into  the  Laws  of  ..Uithetioa.     12mn.     1861. 
JtutUulf  of  ChemulTy — Roport  on  StandurJn  of  Strength  and  Purity.  &&    Sro, 

1881. 
Jordan,  Mr.  J.  B.  ((^  ilutAor)— The  Glycerine  Barometer.    (K  104)    Sva    18SI. 
UAtm,  Bociedadt  d»  Gaograri.i— Golctim  :  2>  Serie,  N<.a.  1,  2.    8to.     1880. 
JbiM-kMtcr  Oeelogieal  Society— Tnnsarxinna,  Vol.  XVI.  PartA  2,  8.    8to.    1880-1^ 
Mtntbruggke,  M.  Van  der  {the  Author) — Voyages  ct  McUunorphoaea  d'one  Qout 

leite  d  Ean.    (K  104)    8Ta     1880. 
tievi  South  WiJet,  Boyal  Society— JoviTiinl  and  Proceedings,  Vol.  XCQ.  Sto.  ISSOlJ 
Annual  Rvporti  on  the  Department  of  Mines:  for  1878  and  1879. 
A.  Lireraoajte :  Report  upon  certain  Mnaenms.    fol.     1880. 
Fkarmaetutieai  Society  of  Great  Britain— Ctlvodia  for  1881.    Sro. 

Joonal,  Feb.  1881.    Sto. 
PMogroflde  AWM^-Joumal.  New  Series,  Vol.  V.  No.  S.     8to.     1881. 
Phgiioil  Soeitly  of  Zomioii— ProoeediuKi.  Vol.  IV.  Part  1 .    8tu.     1881. 
Bagal  Soeitlf  of  Loiuhm— Proceedings,  No.  20H.    8to.    1 88 1. 
Siuatary  InttHutt  of  Onai  Britain — Transactions,  Vol.  II.  and  Calendar  for  1881. 

8to.     1880. 
fit.  Awttoloaew'*  BomUal—nepoiU,  Vol.  XVX    8to.    1880. 
8L  PelmAourt,  Aeadimit  de$  SMenosi— BuUotios,  Tome  XXVIL  No.  1.    4to. 
1881. 
MteoirM:  Scrie  VII.    Tome  XXVn.  No.  13.    4to.     1880. 
SL  Ftterimrg  Cntntl  Phytieal  Oboarvatory  {Oirough  Dr.  U.  Wild,  IHredory— 

Aiualeo.     1879.    4to.     1880. 
BHlUnn,  Jok*  UJ).  (Os  JutAor)— Tbe  Endomio  Diseases  of  Tropioal  Climates, 

with  tbaif  Treatment.    12mo.     1877. 
&mamt,  O.  /.— Moathly  Meteorological  Magasine,  Feb.  1881.     1880.    Sva 
TtUgraak  Otjintrt,  Soeidwof—Joomd,  Part  S4.    Sro.     1880. 
Tidy,  C.  MeymoU,  3I.B.  F.C.S.  1I.R.I.  (the  .^Httor)— Handbook   of  Hod«ml| 

Chemistry,  loorKsnio  and  Organic.     8to.    1878. 
Dmiltd  Setvif  Inttilution,  Ar^o/— Journal,  No.  108.     Sro.     1881. 
Ttnim  vmr  B^ftrderung  de*  GeviahfUintt  in  PmsMK— YerhandlniiMn,   1881 : 

Na  %    4to. 
rMaria  /■<<<'(«<•— Journal.  No.  66.    Sro.    1881. 

WUf.U.  {th»  .^HtAor)— Oeulogiachs  GrubeD-BaTiacKarte  dee  Koblonbeokeoa  roa 
Teplits-Duz  Briix.  (mit  Bcglritworle.    8to.)    foL    Yiemw,  1880. 
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Mr.  Shelford  BIdiceU 


WEEKLY  EVENTNO  MEETING, 

Friday,  March  11, 1881. 

yftLUku  Spottuwoodu,  Esq.  M.A.  D.CIj.  Pros.  IL8.  «feo. 
in  the  Chair. 


SaKLFouD  BiuwKLL,  M.A.  LL.B.  M.EJ. 


A 


Selenium  and  iU  applicalion*  to  Ike  Photophoiu  aitd  Telephotograph 

BnroBi  ontoring  npon  my  snbjoct,  I  mnst  claim  yoar  indalgenoe  Bi 
two  gronnds.  A  week  ago  I  hod  not  the  remotest  idea  thiat  I  was 
haye  the  honour  of  addrossing  yoa  here  this  evening ;  the  ti 
which  I  have  had  for  preparation  has,  therefore,  been  exoeodin| 
limited.  In  the  sooond  place,  it  is  my  desire  (in  accordance  w 
tho  traditions  of  this  Institution)  not  merely  to  give  a  doscripti 
of  tho  experiments  in  which  I  have  for  the  lost  few  months  be 
engaged,  bat,  as  far  as  possible,  to  roprodnco  them  before  yon.  Ni 
these  experiments  are  mostly  of  a  very  delicate  nature.  In  the  qn 
of  a  laboratory — whore  time  is  practically  nnlimited,  and  where 
operation,  if  it  should  fail  at  first,  may  bo  repeated  an  indefin 
number  of  times — success  is  tolerably  certain  to  be  finally  obtaine 
but  in  exhibiting  delicate  experiments  before  an  audience,  one 
working  under  the  most  unfavourable  conditions,  and,  in  case 
failure  in  the  first  instance,  the  attempt  cannot  generally  bo  repeal 
Moreover,  tho  substance  with  which  we  are  chiefly  concerned,  eel 
nium,  is  apparently  extremely  capricious  in  its  behaviour.  Tl 
appearance  is,  of  course,  really  due  to  our  present  ignorance  of  : 
properties ;  but  tho  fact  remains  that,  on  account  of  the  great  ano( 
tainty  of  its  action,  it  is  a  very  difficult  snbBtance  to  deal  with. 

Selenium  is  a  rare  chemical  element  which  was  discovered  in  t 
beginning  of  the  present  century.  In  many  of  its  properties  it  clost 
resembles  sulphur,  and,  like  sulphur  and  some  otbor  substances,  it 
capable  of  existing  in  more  than  one  form. 

The  ordinary  form  is  that  called  vitreous.  Selenium  in  this  co 
dition  is  as  absolutely  structureless  as  glass,  and  in  appearan 
resembles  nothing  so  much  as  bright  black  sealing-wax,  wil 
perhaps,  somewhat  of  a  metallic  lustre ;  its  real  colour,  howevi 
when  seen  in  thin  films,  is  ruby  red.  Its  melting-point  is  a  litl 
higher  than  100°  C.  In  its  second  modification  selenium  is  crysts 
line.  When  in  this  form  its  surface  is  dull,  its  fracture  is  motall 
(not  unlike  that  of  oast  iron),  it8  colour  is  grey  or  leaden,  and  it, 
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quite  opaque  to  light ;  its  melting-point  also  is  considerably  higher, 
being  217°  0. 

Vitroons  seleninm,  if  melted  and  kept  for  a.  certain  length  of  time 
at  a  temperature  between  its  own  fueing-point  and  that  of  crystalline 
Belcniuio,  will  crystallise;  and  1  think  I  am  right  in  saying,  from 
casual  observation,  thoi'gh  I  have  made  no  experiments  to  verify  the 
point,  that  the  length  of  time  necessary  for  crystallisation  depends 
upon  the  degree  of  teniperuture,  being  proportionately  shorter  as  the 
temperature  approaches  217^  C. 

Vitrfous  sclciiitim  is  an  exceedingly  bad  conductor  of  electricity ; 
it  is,  indeed,  an  almost  perfect  insulator.  Crystalline  selenium  is  a 
moderately  good  conductor,  and  it  possesses  this  very  remarkable 
property,  which  has  been  utilised  in  the  photophone  and  other  inven- 
tions, that  it  conducts  bettor  in  the  light  than  in  the  dark,  the  change 
in  its  resistance  to  the  passage  of  a  current  of  electricity  through  it 
varying,  according  to  Professor  W.  G.  Adams,  as  the  Rinore  root  of 
the  illuminating  power. 

Let  a  galvanometer  be  connected  to  the  two  poles  of  a  battery  by 
means  uf  two  copper  wires.  The  passage  of  a  current  of  electricity 
will  at  once  be  denoted  by  the  deflection  of  the  magnetio  needle ;  or, 
if  a  little  mirror  is  attached  to  the  noe<lle,  and  a  beam  of  light  bo 
reflected  from  it  upon  a  scale,  the  movement  of  the  spot  of  L'ght  will 
indicate  the  movement  of  the  needle.  Let  now  one  of  the  wires  be 
cut,  and  the  two  ends  be  joined  together  by  a  piece  of  crystalline 
selenium.  The  spot  of  light  will  again  move,  but  its  deflection  will 
be  very  much  less  than  it  was  before,  showing  that  the  resistance  of 
the  seleninm  is  very  much  greater  than  that  of  the  wire.  Moreover, 
if  the  piece  of  selenium  be  alternately  exposed  to  and  screened  from 
B  beam  of  light,  the  deflection  will  be  greater  when  it  is  in  the  light 
than  when  it  is  in  the  dark,  showing  a  corresponding  variation  in  its 
resistance.  This  remarkable  property  of  selenium  was  first  announced 
and  exhibited  by  Mr.  Willoughby  Smith  in  1873.  But  the  effecU 
prodnoed  by  the  simple  arrangement  which  I  have  just  described 
are  small,  and  very  delicate  instruments  are  required  fur  their 
observation. 

Since  that  date  several  devices  have  been  proposed  for  exaggerating 
the  eflect,  but  they  all  depend  upon  the  fact  that  the  otuunnt  of 
the  variation  increases  with  the  extent  of  the  selenium  surface  acted 
upon.  It  has  lately  been  the  fashion  to  call  these  arraDgomeata 
"  cells,"  which,  in  most  cases  at  all  events,  seems  to  be  a  very  inap- 
prtipriatc  nasno.  It  has  been  suggested  that  they  sh(mld  be  termed 
**  rheostats,"  a  name  which  well  expresses  the  nurposos  for  which 
they  are  generally  use<l,  and  is  less  likely  to  lead  to  oonfusinn  than 
the  other.  In  deference  to  custom,  however,  I  shall  to-night  call 
thrm  hy  the  usual  name. 

The  simplest  soloninro  cell  which  could  be  devised,  would  bo 
mode  by  placing  two  short  pieces  of  copper  wire  parallel  to  each 
other,  and  very  osar  together,  and  connecting  them  by  a  narrow  strip 
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yod.  Dr.  Werner  Siemens  therefore  a 
'imong  others)  of  coiling  np  tho  wires  so  as  to  ft 
and  thus  made  a  conyenient  and  portable  oell  of 
Bat  it  is  very  difiicnlt  indued,  as  I  know  by  exp 
those  donble  wire  S{)iral8  of  any  considerable  sij 
iriroa  teaching  uno  another  at  some  point.  Aft< 
■oooooded  in  producing  spiral  coUs  about  J  inch 
found  it  impossible  to  oxcoed  this  size,  and  as  it  wi 
I  adopted  a  simplo  and  yery  effective  variation  at 
which  I  believe  has  not  been  previously  suggcete 
is  wound  after  the  fashion  of  a  flat  screw  aroiu 
mica,  the  threads  of  the  screw  being  about  -^  i 
this  wire,  and  at  a  distance  of  3';  inch  from  it 
wound  in  exactly  the  same  manner,  each  of  its  ta 
between  two  consecutive  turns  of  tho  first.  Can 
two  wires  do  not  touch  each  other  at  any  point, 
tho  mica  a  film  of  melted  selenium  is  spread,  and 
Emooth  and  uniform  it  is  crystallised.  By  this  n 
are  connected  with  each  other  through  half  thei 
a  series  of  very  narrow  strips  of  crystalline  sclenii 
I  have  hero  a  tiny  selenium  cell  which  has  \ 
this  manner.  Each  wire  makes  about  six  tuma,  1 
Bolcnium  upon  its  surface  is  about  half  that  of  a  tl 
thickness  not  much  exceeding  that  of  a  Bhoct  of  o 
Its  resistance,  though  it  is  very  high  relatively  to 
ductors,  is,  compared  with  onjrthiug  of  tho  kind  tt 
before,  remarkably  low,  and  its  sensitiveness  to  lig 
a  batswing  gus-flamo  is  held  at  a  distance  of  three 
resistance  is  less  tlian  one- third  of  that  which  it  m( 
Larger  and  more  carefully  constructed  cells,  of  1 
results.  No  form,  however,  that  I  have  tried 
several  dozens)  has  in  my  hands  been  superior  t 
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tbe  snr&oo  of  the  wood,  a  Bcrew  of  from  thirty  to  forty  threads  to  the 
inch  is  cut  upon  the  cylinder.  On  removing  the  tuica  from  the  wood 
its  two  edges  are  found  to  be  beautifully  and  regularly  notched.  The 
first  wire  is  then  wound  into  alternate  notches,  and  the  second  into 
the  others. 

I  will  throw  upon  the  screen  the  image  of  a  slip  of  mica  with  the 
two  wires  wound  upon  it,  and  ready  for  the  reception  of  the  Bclonium 
coating.  It  wUl  be  seeu  tliat  the  turns  are  perfectly  regular,  and 
close  as  the  wires  ore  to  each  other,  they  do  not  touch  at  any  point. 
(Fig-  1) 


Fio.  1 


Mica  PIat«,  wound  with  Two  Copper  Wirea  ready  for  Selenium  Coating. 


The  next  step  is  to  apply  the  selenium,  and  to  do  this  properly' is 
an  operation  which  requires  a  certain  amount  of  practice  and  patience. 
The  mica  is  heated  to  a  temperature  slightly  above  217^  0.,  and 
melted  selenium  is  spread  over  its  surface  as  evenly  as  possible  with 
a  metal  spatula.  The  cell  is  then  cooled,  and  its  surface  should  be 
smooth  and  luHtrons.  Before  you  is  an  embryo  cell  which  has  reached 
this  stage  of  its  preparation.  The  selenium  being  still  in  the  vitreous 
condition,  is  a  perfect  insulator,  and  when  the  coll  is  connected  in 
circuit  with  a  battery  and  a  reflecting  galvanometer,  the  spot  of  light 
is  found  to  be  absolutely  motionless.  I  now  propose  to  crystallise 
the  selenium  in  your  presence.  The  mere  crystallisation  occupies  a 
wvrj  short  time.  It  is  only  necessary  to  place  the  cell  upon  a  braoa 
|>l*te,  and  raise  it  by  means  of  a  Bunsen  burner  to  a  temperatnre 
•omswhat  below  the  fusing  point  of  crystalline  selenium.  The  method 
deacribed  by  Professor  Adams  in  his  classical  paper  publishe<l  in  the 
'  Philosophical  Transactions,'  is  entirely  different.  lie  heated  a  bucket 
of  sand  by  placing  in  it  a  rod-hot  iron  ball.  At  tlio  expiration  of  an 
hour  he  rcmovod  the  ball,  and  placed  in  the  heated  sand  his  pieces  of 
Titreons  soleninm,  wrappc<i  up  in  pnjwr.  After  remaining  for  twenty- 
four  hours,  the  selenium  was  generally  found  to  have  attained  the 
crt'stalline  form,  and  tlie  rcsiKtouee  of  some  of  his  specimens  thus 
prcjiared  was  for  lower  than  that  of  any  which  have  been  mode  by 
myself.  Their  sensitiveness,  however,  does  not  appear  to  have  boon 
grwt.  The  method  of  crystiiUittation  wliich  I  generally  adopt,  and 
which  is  due  to  Fnifcssor  Urabam  Ikdl,  has  at  all  events  tlie  meriUt 
of  simplicity  and  rapidity.  In  two  or  three  minutes  the  whole  surfooo 
of  the  selcuiara  film  beoomea  dull  and  slato-colunred,  and  if,  whc-u  tho 

2  o  2 


828 


Mr.  SMforA  Biduxa 


orll  liM  Ktlnincd  tLis  condition,  it  bo  romored  from  the  La 
pUte,  I  lukTc  little  dottbt  tfaat  on  testing  it  with  a  giilvanoii 
will  be  foand  tooondact  electricitj  and  to  be  eensitiro  to  ligbt.  ( 
According  to  Profewor  Graham  Bell,  nothing  more  is  neceseai 
obtnining  the  greatest  degree  of  sensitiveness.  The  old-fash 
prooeM  of  long  beating  and  slow  cooling  may,  he  says,  be  aIt«M 
dispensed  with.  In  this  matter  mj  cxperionco  differs  entireMJ 
hia,  for  I  find  that  cells  which  have  been  kept  for  some  bom 
temperature  just  below  the  point  of  fusion,  and  then  allowed  tc 
very  gradually,  are  Tastly  more  sensitive  to  light  than  those  J 
have  not  been  thus  annealed.  ^ 

The  following  table  shows  the  resistances  in  the  dark,  and  t 
different  degrees  of  illumination,  of  a  few  cells  taken  from  my  a 
The  resistance  of  No.  6,  when  exposed  to  a  lime-light  at  10  inch 
leas  than  one-fiftieth  of  its  resistance  in  the  dork. 
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It  is  an  interesting  question,  which  of  the  coloured  component! 
white  light  has  the  greatest  power  in  effecting  those  changes  in 
resistance  of  seloninm ;  or,  again,  whether  the  effect  is  produced 
light  at  all,  or  is  duo  simply  to  heat.     Captain  Sale  came  to  the  ci 
elusion,  on  moving  a  piece  of  selenium  through  the  solar  spectn 
that  the  maximum  effect  was  produced  at  or  just  outside  the  oxtre: 
end  of  the  rod,  at  a  point  neorly  coinciding  with  the  maximum  of  1 
heat  rays.      Professor  Adnms  performed  the  anme  experiment  wi 
the  spoctrnm  both  of  the  sun  and  of  the  electric  light,  and  found  th 
the  action  on  the  selenium  was  greatest  "  in  the  groonrsh-yellow  ai 
in  the  red  portions  of  the  spectrum."     The  greenish-yellow  is  tl 
point  of  maximum  illumination,  which  is  a  remarkable  fact ;  but  h 
words  seem  to  imply  that  there  was  a  second  maiimiuii  in  the  ra 
The  violet  and   the  ultra-violet  rays,  he   says,  produced  very  littl 
if  any,  effect.     In  consequeuce  of  the  discrepancies  in  these  results, 
determined  to  repeat  the  experiment  for  myself.     The  source  of  ligl 


1881.]     on  Selenium  and  its  applictUiotu  lo  tha  TTiolophone,  Ac.        629 


which  I  used  in  the  first  instance  wna  an  oxy-hydrogen  lime-light,  and 
the  spectrum  was  furmod  with  a  bisulphide  of  carbon  prism.  The 
experiment  was  repeated  six  times,  and  three  different  selenium  cells 
were  ased.  The  results  were  precisely  the  same  in  every  case,  and 
proved  in  the  most  marked  manner  that  the  greatest  influence 
occurred  in  the  boundary-line  between  the  red  and  the  orange ;  thus 
differing  completely  from  the  results  obtained  both  by  Captain  Sale 
and  by  Professor  Adorns.  Moreover,  the  resistance  when  the  selenium 
cells  were  idaocd  in  the  ultra-red,  two  inches  beyond  the  limits  of  the 
visible  sjjectrum,  was  in  every  case  lower  than  when  it  was  in  the 
blue,  indigo,  and  violet  But  even  in  the  ultra-violet  the  resistance 
of  the  cells  was  lower  than  when  they  were  quite  removed  from  the 
spectrum. 

My  friends  Mr.  Proeco  and  Mr.  W,  H.  Coffin,  who  were  present 
during  these  experiments,  suggested  that  it  would  be  di-sirablo  to  vary 
them  by  making  use  of  different  sources  of  light,  and  different  methods 
of  dispersion ;  and  a  few  days  afterwards,  by  the  great  kindness  of 
Mr.  Norman  Lockyer,  they  were  repeated  in  Mr.  Lockyer's  hiboratory 
by  Mr.  Preece  and  myself  with  the  electric  light  and  a  magnificent 
diffraction  grating.  Nine  experiments  were  made  with  three  cells, 
and  the  results  were  as  absolutely  concordant  as  those  which  we  had 
previously  obtained  ;  but  they  all  concurred  in  placing  the  maximum 
at  the  extreme  edge  of  the  red,  thus  agreeing  with  Captain  Sale's 
observations.  One  other  remarkoble  effect  must  bo  noticed.  In  the 
case  of  a  single  cell — that  which  I  distinguish  as  No.  6 — with  which 
three  experiments  were  made,  a  second  maximum  was  observed  in 
every  cue  in  tlie  greenish  yellow,  though  the  effect  was  about  20  per 
cent,  nnaller  than  at  the  extreme  red.  The  electric  light,  however, 
is  from  its  great  unsteadiness  must  unsuitable  for  experiments  of  this 
nature,  and  since  no  such  exceptional  phenomenon  was  ever  observed 
before  or  since,  I  am  inclined  to  believe  that,  by  a  coincidence  which 
however  remarkable  is  by  no  means  imjiossiblc,  the  light  hai>i>enod  to 
be  nnosnally  intense  just  on  the  throe  occasions  when  tliis  particular 
cell  was  in  the  greenish  yellow.  A  third  series  of  experiments  mado 
with  a  gas  flame  and  a  bisulphide  of  carbon  prism,  agreed  with  the 
first  in  placing  the  maximum  at  the  orange  end  of  the  red.  Many 
more  combinations  of  sources  of  light  and  dispersion  remain  to  be 
tried,  but  time  for  these  and  for  innumcTable  other  experiments  which 
have  suggested  themselves  has  hitherto  been  wanting :  fur  an  opera- 
tion which  may  bo  described  in  a  dnzcu  words  not  tmfrequcntly 
ru<iuinB  OM  many  hours  for  its  performance. 

By  the  help  of  a  reflecting  galvanometer  I  now  propose  to  show 
you  the  various  effects  produced  by  different  parts  of  the  spoctrnm  of 
the  electric  light  foruiud  by  a  bisulphide  prism  upon  the  resistance  of 
ft  Boleniniu  cell.  The  maxinuim  deflection  is  seen  to  occur  when  the 
ium  is  at  the  extreme  outer  edge  of  the  red. 

The  effect  of  interposing  various  oolooied  glasses  between  a  gas 
and  the  selenium  ecu  was  also  tried.     The  greatest  effect  was 
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prodaoed   by  orange  glass,   the  Binalleet  by  green.     It   waaj| 
obaorved  as  a  remarkable  fact  that  the  light  transmitted  by  a  a 
bine  glass  prodaoed  a  greater  effect  than  that  which  had  been  pa 
through  a  blue  glass  of  much  lighter  tint.     But  on  a  spcctroso 
examination  the  darker  uuo  was  fuoud  to  transmit  a  certain  portia 
red  light.     I  also  tried  the  effect  of  radiation  from  a  black-hot  p 
held  at  a  distance  of  abuut  G  inches  from  the  selenium,  and  upon 
first  trial  found  that  the  rc-sisttvuco,  instead  of  being  diminished, 
increased  by  several  thousand  ohms.     I  imagined  this  to  bo  due 
rise  of  tomporstoro  in  the  selenium,  and  was  thus  led  to  expcrin 
upon  the  effect  of  temperature.    In  this  matter,  too,  there  is  a  remi 
able  discrepancy  between  the  authorities.     Professor  Adams  says 
an  increase  of  temjHjraturo  inercaavt  the  resistance  of  selenium, 
eron  suggests  that  a  selenium  bar  should  be  used  for  the  construe 
of  a  very  delicato  thermometer.     Dr.  Guthrie,  Messrs.  Draper 
Moss,   and   others,   make   the   directly  opposite  assertion  that 
resistance  of  selenium  diiuinishet  with  heat.     I  repeated  my  pc 
cxi>eriment,  which  hod  in  the  former  case  apparently  corroboni 
Professor  Adams,  and  now  to  my  utter  astonishmont  I  found  that 
resistance  was  grcotly  diminished.     This  second  experiment,  th« 
fore,  seemed  to  support  Dr.  Guthrie's  statement.      A  great  nam 
of  exjforimonts  were  now  undortakon  for   the  purpose  of  arriv 
at  the  truth   of  the  matter,   with  the  details  of  which  I  will 
weary  you.     Solutions  of  alum  in  water,  of  iodine  in  bisulphide 
carbon,  plates  of  gltLsa  and  of  ebonite  wore  interposed  between  ' 
Bokmium  and  tho  sources  of  light  and  heat.     The  selenium  was  n 
&iod,  now  frozen  ;  and  the  most  contradictory  results  were  obtain 
At  one  momoat  I  felt  convinced  that  Professor  Adams  wos  right, 
the  next  there  appeared  to  bo  no  shadow  of  doubt  that  Dr.  Guthr; 
was  tho  true  theory.     In  fact,  it  seemed  as  if  the  selenium  was  p 
sosscd  by  a  demon  which  produced  the  variations  in  accurdanco  w 
the  caprices  of  its  own  unaccountoblo  will.     At   length,  when  ' 
confusion  was  at  its  height  and  the  demon  most  bewildering,  the  t 
explanation  was  suddenly  revealed,  and  so  exceedingly  simple  ii 
that  now  tho  only  marvel  is  that  it  should  have  so  long  eluded  d 
covory.     Tlio  secret  of  tho  matter  ia  this :  and  it  diRcIoscs  one  of  ( 
must  remarkable  ])ropertic8  of  tliis  most  remarkable  substance.    Th< 
is  a  certain  degree  of  temperature  at  which  a  piece  of  crystalli 
selenium  has  a  maximum  resistance.     If  a  piece  of  soloniimi  at  tl 
temperature  is  exposed  to  either  heat  or  cold — it  matters  not  which 
its  resistance  will  at  unco  ho  diminished ;  and  oxtromos  of  either  pi 
duce  a  far  greater  variation  than  is  over  effected  by  tho  action  of  lig! 
A  selenium  cell  which  at  the  ordinary  temperature  measured  in  a  di 
light  110,000  ohms,  was  reiluced  by  immersing  it  ia  oil  at  115°  C 
18,000  ohms.     The  resistance  of  tho  some  cell  was  reduced  by  ii 
mersing  it  in  turpentine  at  —  6°  C  to  49,000  ohms.     In  the  case 
the  single  coll  with  which  I  have  hitherto  made  tho  experiment,  t) 
temperature  on  oaoh  side  of  which  the  rosistauce  is  diminished 
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24°  0.*  Let  this  piece  of  Bcleniam  be  gradnallj  raised  from  a  tem- 
perature of  zero  to  a  temperataro  of  100°  C.  While  pussing  from  zero 
to  24°,  its  resistance  will  rapidly  increase.  Passing  from  24'  to  100° 
its  resistanoo  will  again  rapidly  diminish.  (This  experiment  was 
Bncoessfolly  shown.) 

Until  Professor  Bell  directed  his  attention  to  scleninm,  all  observa- 
tions  concerning  the  effect  of  light  upon  its  condactivity  had  been 
made  by  means  of  the  galvanometer.  Bat  it  occurred  to  him  that  the 
narrcllouBly  sensitive  telephone  which  he  has  invented  might  with 
advantage  bo  used  for  the  purpose,  and  on  the  17th  May,  1878,  he 
announced  in  this  theatre  "the  possibility,"  to  use  his  own  words,  "of 
hearing  a  shadow  by  interrupting  the  action  of  light  u|K)n  selenium," 
A  few  days  afterwards  Mr.  Willoiighby  Smith  informed  the  Society  of 
Telcgmi>h  Engiucors  that  ho  hoil  carried  this  idea  into  effect,  and  had 
hoanl  the  action  of  a  ray  uf  light  upon  a  piece  of  crystalline  selenium. 
When  a  selenium  cell,  a  telephone,  and  a  battury  arc  connected  in 
circuit,  a  uniform  current  of  oloctricity  will,  under  ordinary  circum- 
stances, flow  through  the  tcKphone, and  a  person  listening  would  hear 
nothing.  Suppose  now  that  a  series  of  flushes  of  light  were  allowed 
to  fall  u{>on  the  selenium.  In  the  intervals  of  darkness  the  selenium 
eeU  would  offer  a  greater  resistance  to  the  passage  of  the  electric 
current  than  during  the  intervals  of  light.  The  strength  of  the 
current  would  be  constantly  varying ;  and  if  the  flashes  succeeded  one 
another  quickly  enough  and  with  sufBcieut  regularity,  a  musical  note 
would  now  be  heard  by  a  person  listening  at  the  telephone.     The 

['exact  pitch  of  this  note  would  of  course  depend  upon  the  rate  at 
which  the  flashes  succeeded  one  another,  being  high  when  the  suoces- 
aion  is  rapid,  low  when  it  is  slow.  The  nature  of  this  sound  is  very 
peculiar,  reminding  one  of  the  moaning  of  a  syren  or  the  rising  and 
blling  of  tho  wind.  With  a  sufficiently  sensitive  cell,  powerful 
battery,  and  delicate  telephone,  the  sound  may  bo  hoard  at  a  distance 
of  many  feet 

I  shall  interrupt  the  steady  beam  of  light  which  is  now  falling 
npom  tho  cell  by  causing  a  zinc  disk  with  nulial  slits  cut  in  it  to 

I  lotate  in  tho  path  of  the  beam,  and  tho  sound  prodnced  by  tho  rapid 

'  coooeaaion  of  light  and  shade  upon  the  selenium  cell  will  bo  hoard  in 
the  telephone.  When  the  cell  is  screened  from  tho  light,  the  sound  at 
once  ceases.  When  tho  screen  is  removed,  the  sound  is  again  heard 
■•  before.  By  using  a  system  aualogons  to  tliat  of  dots  and  doahoc, 
an  intermittent  beam  of  light  might  be  employed  to  convey  photo- 
phunic  moaaages  to  a  distance. 

But  Professor  Bell  has  gone  further  than  this.    Ho  was  not  satisfied 
with  mendy  inletTupling  a  steady  beam  of  light,  producing  altematoly 

Litrong   light   and  total   darkness,  but   be  aimed  at   graduating    ita 


*  Tlia  tsparlBwat  baa  tiaca  boon  npeatwl  with  rivi<  nth«r  coIU,  and  tbolr 
MMMtMrH  of  Mailianm  roditauM  were  found  to  bo  !U°,  M^  30°,  25°,  and  SS* 
Uvalj. 
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intonBity  in  correspondence  with  the  varying  pbaaee  of  the  cou 
Bonnd-waTos  pro<luced  by  the  humon  voice.  It  is  evident  tliat 
beam  bo  regalatod  were  allowed  to  fall  upon  the  selenium  cell, 
exact  wor^B  spoken,  with  their  articulation  unimpaired,  would 
produced  in  the  toloj>huDO.  Professor  BeU  adopted  a  device  whi( 
e<)ually  ninrvclluus  for  its  extraordinary  simplicity  and  for  its 
efficiency.  The  beam  of  light  is  made  to  fall  upon  the  face  of  a  bii 
flexible  mirror,  whence  it  is  reflected  to  the  distant  selenium  o 
lenses  being  used  for  the  purpose  of  rendering  the  rays  parallel  ■ 
condensing  them  where  required.  The  speaker  directs  his  voice  of 
tlio  back  of  tlie  mirror,  which  takes  up  the  sound-waves  and  is  thro 
into  a  state  of  vibration,  thus  becoming  alternately  concave  a 
convex.  Now,  when  it  is  concave  the  light  rotloctcd  by  it  is  mc 
concentrated,  and  the  selenium  coll  more  brightly  illuminated.  ( 
the  other  hand,  when  it  is  convex,  the  opposite  effect  is  produced :  t 
rays  arc  more  di8|)er8ed  and  the  illmiiiuatiou  of  the  cell  less  intern 
And  since  the  movements  uf  the  mirror  are  in  exact  corresponden 
with  the  Ruiind-waves  of  the  voice,  so  also  will  be  the  intensity  of  t 
illumination  of  the  selenium  coll.  The  strength  of  the  current  pae 
ing  through  it  will  vary  in  the  same  proportion,  and  will  cause  tl 
telephone  ]ilato  to  vibrate  in  consonance  with  the  mirror,  and  thus 
reproduce  the  exact  sounds  by  whicli  the  luirmr  was  set  in  motion. 

In  the  small  eiiKsriiuoiitiil  piiotophono  which  is  before  you,  tl 
receiving  station  is  within  20  feet  of  the  transmitter,  and  any  soam 
heard  in  the  telophono  would  uf  course  be  utterly  drowned  by  tl 
actual  voice  of  the  sjieaker  at  the  mirror.  It  is  necessary,  therefor 
to  prolong  the  ttdophouo  wires,  and  carry  them  to  a  distant  roon 
where  the  Bounds  that  have  travelled  along  the  beam  of  light  can  Y. 
heard  without  interruption.  Profussur  Bell,  using  instead  of  a  lei 
a  largo  reflector  for  receiving  the  beam  of  light,  has  heard  word 
which  wore  spoken  when  the  mirror  was  700  feet  away  from  th 
Bclciiium  coll. 

It  is  impossible  to  exhibit  the  photophono  in  action  to  k 
audience,  becanso  the  uSbcts  can  only  bo  heard  by  a  single  persoi 
at  a  time.  But  I  may  mcntioc,  that  in  the  course  of  some  expert 
ments  with  this  little  instrument  which  Professor  Tymlall  ver 
kindly  ponnittud  me  to  make  heio  on  the  7th  of  Ducomber  last,  over 
word  transmitted  by  it  was  perfuctly  understood. 

I  propose  now  to  say  a  few  words  upon  another  and  very  difforeni 
application  of  selouium.  In  point  of  interest  and  iiiHMirt«nce  it 
cannot  bo  compared  with  the  pliotopbotio ;  but  since  it  is  a  child  ol 
my  own  I  naturally  regard  it  with  a  certain  amount  of  aflbction.  I( 
occurred  to  me  a  few  mouths  ago  that  the  wonderful  property  of 
Sfleniurii,  which  wo  have  been  discussing  tliis  evening,  might  be 
applied  in  the  construction  of  an  instrimjcut  for  transmitting  pictures 
of  natural  objects  to  a  distance  along  a  telegraph  wire,  I  have 
constructed  n  rough  oxporiniental  a])paratus  in  order  to  ascertain 
whether  my  ideas  could  bo  carried  out  in  practice,  and  it  is  so  far 
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Bncoessful,  that  although  the  pictures  hitherto  trasBtnittcd  are  of  a 
very  rudimentary  character,  I  tliink  there  can  be  little  doubt  that 
further  elaboration  of  the  instrument  would  render  it  far  moro 
effective. 

Iodide  of  potassium  is  very  easily  decomposed  by  a  current  of 
electricity.  If  a  piece  of  paper  which  has  been  soaked  in  a  solution 
of  this  snbstanco  be  laid  on  a  piece  of  metal  M,  Fig.  2,  which  is  con- 
nected to  the  negative  pole  of  a  battery  B,  and  a  piece  of  platiuom 


wire  P,  which  is  connected  with  the  positive  pole,  be  drawn  over  its  sar- 
face,  the  {lath  of  the  point  will  bo  marked  by  a  brown  line,  duo  to  the 
liberation  of  iodine.  Let  the  platinimi  wire  and  the  metal  plate  bo 
connected  to  a  second  battery  B'  in  such  a  manner  that  a  current  of 
electricity  may  pass  through  the  {wpor  in  the  opposite  direction;  and 
let  a  variable  resistauco  R  be  inserted  between  the  platinum  wire 
and  the  first  batt«ry  B,  and  a  selenium  cell  S  between  the  platinum 
wire  and  the  second  battery.  And  let  the  resistance  be  so  adjusted 
that  wbon  the  selenium  coll  is  exposed  to  a  strong  light,  the  two 
oppneito  cnrrents  through  the  paper  and  the  galvanometer  G 
Dcntroliso  each  other ;  then  the  point  when  drawn  over  the  paper 
will  make  no  mark.  But  if  the  selenium  cell  is  Hhadcd,  its  resistance 
will  be  immediaU^ly  increasod,  and  the  current  from  the  first  battery 
will  predominate.  The  point,  if  moved  over  the  paper,  will  now 
trace  a  strong  line,  which,  if  the  selenium  is  again  exposed,  will  be 
broken  off  or  enfeebled  according  to  the  intensity  of  the  light.  (Exp.) 
If  a  eeriea  of  tbeee  brown  linos  were  drawn  parallel  to  one  ai^other 
and  very  close  together,  it  is  evident  that  by  regulating  thoir  intensity 
and  introducing  gaps  in  the  proper  places  any  design  or  picture  might 
bo  ropreeented.  This  is  the  principle  of  Bakowell'v  copying  telegraph, 
which  will  transmit  writing  or  pictures  drawn  n])on  tinifoil  with  a 
noa-condacting  ink.  My  itvitrumont  diflors  from  his  in  that  the 
ennrent  is  varied  simply  by  the  action  of  light.  The  transmitting 
instrument  Y,  Fig.  3,  consists  of  a  isiuall  cylindrical  box  '2  inches 
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deep,  moantod  npon  a  horisoutol  Bpindle,  upon  which  ia  cut  a  scre^ 
having  sixty-foar  thrcadB  to  tho  iuch.  This  works  in  two  bearinge 
4  iucboB  apart,  one  of  which  has  an  ioBide  screw  corresponding  tc 
that  upon  the  spiudlo.  At  a  point  midway  between  the  two  ends  o1 
tho  cylinder  a  pin-hole  H  is  dnilod,  and  behind  the  hole  a  Belonian 
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cell  S  IB  fixed.  One  terminal  of  tho  Belenium  cell  is  connected 
(through  tho  spindle  and  stand  of  the  instruniout)  with  tho  negative 
pole  of  a  battery  B',  the  other  with  tho  lino  wire  M  to  tho  distant 
station.  Tho  receiving  instnimeDt  X  contains  a  similar  brass  cylinder, 
similarly  mounted.  A  platinum  point  P  presses  gently  upon  its  sur- 
face, and  is  connected  both  to  the  line  wire  and,  through  a  variable 
resistance  R,  with  the  positive  polo  of  a  local  battery  B,  tho  negative 
pole  of  which  is  connected  throngh  the  galvanometer  G  with  the 
cylinder,  A  wire  or  earth  connection  N,  between  the  negative  pole  of 
the  local  battery  and  the  positive  pole  of  tho  other,  completes  the 
arrangomont. 

To  prepare  tho  instruments  for  work  the  cylinder  of  the  trans- 
mitting instrument  is  brought  to  its  middle  position  and  a  picture  not 
more  than  2  inches  square  is  focussod  upon  its  surface  by  means  of 
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a  photographic  lens  L.  The  holo  H  in  the  cylinder  is  then  brought 
to  the  brightest  point  of  the  focnssed  pictore,  and  a  scrap  of  seusitised 
paper  being  placed  under  the  platinum  point  of  the  receiver,  the 
variable  resistance  is  adjusted  so  that  the  two  opposite  currents 
through  the  paper  neutralise  each  other.  When  this  is  accomplished 
the  two  cylinders  are  screwed  back  as  far  as  they  nill  go,  the 
cylinder  of  the  receiver  is  covered  with  sensitised  paper,  and  all  is 
Kftdy  to  commence  operationB. 

The  two  cylinders  are  caosed  to  rotate  slowly  and  synohrononsly. 
The  little  hule  in  the  transmitting  cylinder  will  in  the  course  of  its 
spiral  }>ath  cover  sncoessivcly  every  point  of  the  focuescd  picture,  and 
the  amount  of  light  falling  at  any  moment  upon  the  selenium  cell 
will  be  proportional  to  the  illumination  of  that  particular  spot  of 
the  picture  which,  for  the  time  being,  is  occupied  by  the  pin-hole. 
During  the  greater  part  of  each  revolution  the  platinum  point  will 
trace  a  uniform  brown  line  upon  the  prepared  paper,  but  when  the 
pin-hule  happens  to  be  passing  over  a  bright  part  of  the  picture,  this 
line  is  enfeebled  or  broken.  The  spiral  traced  by  the  point  is  so 
close  as  to  produce,  at  a  little  distance,  the  ap|K>arance  of  a  uniformly 
coloured  surface,  and  the  breaks  in  the  continuity  of  the  line  constitute 
a  picture  which,  if  the  instrument  wore  perfect,  would  bo  a  couuter- 
|iart  of  that  projected  upon  the  transmitter. 

The  pictures  upon  which  I  have  hitherto  operated  have  been 
mostly  simple  designs,  such  as  diamonds  and  squares  cut  out  of  thin 
metal,  and  projected  by  a  magic  lantern  (ace  Fig.  i).  But  the  iustru- 
mcut  is  in  its  earliest  stage  of  infancy.     It  is  at  present  hardly  a 

Fio.  4. 
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■ingle  month  old,  and  I  regret  to  say  that  since  its  birth  it  bos  been 
shamefully  neglected,  circumstances  having  prevented  mo  from  giving 
it  even  the  ordinary  care  and  attention  which  all  young  oroatat«8 
ought  to  rooeiva  Nevertheless,  I  cannot  but  think  that  it  is  cspsble 
of  indofioito  development ;  and  should  there  ever  bo  a  demand 
for  telephotography,  it  may  in  time  turn  oat  to  be  a  aaofol  memboi 
of  society. 

[8.  B.) 
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On  Mtitical  Pilch  and  ita  determination. 
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Tub  Loctiiror  bcgnn  by  oLserving  that  the  subject  he  had  chosen, 
tliotigb  at  first  sight  technical,  was  odo  which  shouUl  be  taken  np  by 
tho  gonoral  public,  mit  only  on  (iccouut  of  its  sciontific  interest,  bnt 
also  since  tho  spociul  musicians  were  ii;cliuod  to  neglect  it.  Indeed, 
music  itself  had  in  this  country,  until  qaitu  lately,  fallen  into  the 
hands  of  a  limited  class,  nnd  tluit  not  always  highly  educated  or  large 
in  their  views.  It  was  as  though  England  had  characteristically 
handed  over  mnsic-niaking  to  private  contractors,  as  a  monopoly, 
taking  contentedly  whatever  was  offered,  and  making  no  effort  for 
larger  and  better  supplies.  Whereas  music  is  really  the  most  cosmo- 
politan of  arts,  springing  up  even  whore  it  might  least  be  expected. 

It  was  probably  from  this  delegation  to  a  few  of  what  was  the 
common  property  of  all,  that  England  hat!  come  to  be  regarded  as  an 
unmusical  country,  and  that  tho  remark  made  by  a  German  on  Sterndale 
Bennett,  Ea>jli»irher  coiiiponisi,  nicht  componist,  had  originated.  The 
disestcera  in  which  music  had  hcon  held  in  this  country  was,  doubtless, 
in  part  the  inheritance  of  our  Puritan  ancestors,  and  in  part  the  out- 
flow of  what  might  bo  termed  "  Chesterfieldism  " ;  the  tone  adopted 
by  would-be  fine  gentlemen,  that  it  was  undignified  to  bo  mixed  np 
\vith  "  fiddles  and  fiddlers." 

Ho  affirmed,  on  tho  other  hand,  most  strongly,  that  tho  nation 
possessed  abundance  of  lovo  for  music ;  much  talent  also,  which  only 
needed  fostering  and  cultivation  ;  indeed,  it  might  be  severely  but 
nut  untruly  said,  that  all  England  was  musical  except  tho  musicians. 
He  admitted  that  this  state  of  affairs  ha«I  improved,  aud  was  improviug. 
Music  was  no  longer  regarded  only  as  a  means  of  gaining  a  scanty 
livelihood,  hut  as  a  branch  of  liberal  education ;  tho  bouko  the  word 
itself  bore  in  the  closBical  ages  of  Greece.  It  was  the  ])lain  duty  of 
such  nti  audience  as  that  ho  had  the  honour  of  addressing  to  assist  in 
tho  revival. 

Turning  to  tho  special  subject  of  his  discourse,  he  noticed  that  of 
the  three  fundamental  olumontB  of  a  musical  note,  pitch,  intensity,  and 
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quality,  pitch  was  tbo  most  siiBceptiblc  of  nccnrate  ineasaremcnt,  and 
that  tho  recent  groat  advances  in  physical  science  were  mainly  due  to 
the  substitution  of  quantitative  for  qualitative  methods;  of  weighing 
and  measuring  for  mere  demonstration.  Ho  showed  that  absoluto 
pitch  did  not  exist  in  nature ;  a  fact  not  negatived  by  tho  remarkable 
power  exceptionally  possessed  by  some  ears  of  recognising  a  note  by 
hearing.  This  so-called  gift  mos  really  an  acquirement,  depending  in 
some  cases  on  tho  "  muscular  sense,"  as  in  tho  case  of  singers ;  or  on 
a  development  of  memory  in  others  who,  like  organists,  had  sat  for 
half  a  lifetime  before  a  particular  instrument,  until  its  tones  had 
penetrated  into  their  inmost  and  instinctive  consciousness.  It  was 
not  dissimilar  to  the  acquired  habit  of  counting  "beats,"  which  was 
the  foundation  of  piano-  and  organ-tuning,  and  which  once  established 
interfered  seriously  with  the  pleasure  of  listening  to  ordinary  music. 
Examples  of  these  beali  and  their  causes  were  shown. 

Ho  proposed,  after  defining  pitch  as  rapidity  of  vibration,  to  take 
three  questions  in  succession  :  (1)  the  chief  causes,  and  amount  of 
variation  in  pitch  in  different  sound  producers ;  (2)  scientific  mo<leg 
of  measuring  pitch  ;  (3)  the  musical  application  of  such  methods, 
carried  a  stage  farther  in  an  artistic  direction  than  was  usual  in 
treatises  on  acoustics. 

It  was  shown  experimentally  that  a  metallic  string  through  which 
a^werful  current  of  electricity  pASsea  sinks  more  than  an  octave  in 
pitch ;  that  a  tuning-furk  heated  over  a  lamp  also  sinks  in  pitch, 
though  to  a  far  less  degree;  that  organ  pipes  vary  grcotly  with  heat, 
and  also  with  watery  or  other  vapour,  rising  rapidly  with  increa8e<l 
temperature.  An  instrument  for  measuring  this  phenomenon,  mado 
by  Uie  Lecturer,  was  shown.  In  it  air  from  the  same  wind-chest  was 
pMaed  through  two  coils  of  metal  pipe,  one  maintained  at  the  tempc- 
ratnre  of  melting  ice,  tho  other  at  that  of  boiling  water.  Rapid  and 
distinct  boating  was  thus  produced  in  two  pipes  previously  tuned  to 
unison.  Harmonium  reeds  moved  in  the  same  direction  as  tuning- 
forks,  though  in  •  greater  degree ;  the  former  sinking  about  one 
ribration  in  10,000  for  each  rise  of  a  degree  Fahrenheit,  the  latter 
about  1  in  16,000. 

Both  these  quantities  being  small  relatively  to  the  changes  under* 
gone  by  other  sonroee  of  sound,  the  tuning-fork  famished  tho  beat, ' 
and  the  free  rood  nearly  as  good  a  standard  of  pitch.  The  reed,  how- 
ever, depended  somewhat  on  its  material ;  a  brass  and  steel  reed  on 
the  nme  wind-chest,  and  in  unison,  beating  distinctly  when  the  air 
supply  was  raised  to  212°  Fahrenheit. 

In  orchestral  windinstriinitnts  a  double  action  took  place,  the 
metal  expanding  with  heat  tending  to  flatten  the  note,  whereas  the  hot 
and  moist  breath  of  the  performer  caused  it  to  8hari>cn,  the  latter 
action  greatly  predominating  in  this  climal(^  at  least. 

(2)  The  scientific  determination  of  pitch  had  boon  attacked  by  fire 

firincipal  methods.     (1)  mochanioal,  (2)  optical,  {d)  photographic, 
4)  electrical,  and  (5)  compntativ*. 
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TLe  following  diagriunraatio  tabler  was  exbitited  : — 

I.   UCCHAmCAL  METBODd. 

1.  Savurt'i  t«oth()<1  whTl. 

2.  Cftifniiinl  ill-  Ijitoiir's  giren. 
8.  r'erronct  Tliompson'i  mnnorliord. 

4.  Duhixraorii  TibroM-ope, 

5.  I.«Yin  Si'Olt'B  phnnnutograpb. 

6.  Ellison's  phonognipb. 

n.  Optical  lIiTaoDa. 

1.  T,iBs«joiiB'  flirnrps. 

2.  Hclnilioltz'n  vibration-micTOgoope. 
8.  KcKiiig'8  inonmnctric  flames. 
4.  McLeod  and  Clarke'*  cyclracope. 

ni.  Pbotoobaphio  HrrnoDs. 

I.  Profoasor  Blake's  ezperimenU. 

rv.  Electbical  BIetboos. 

1.  Moyore'  clcotrionl  tonometer. 

2.  Lord  Uayloigb's  pendulum. 

V.  CoMnrrATiVE  Metuods. 

1.  Cblailni's  rod  tonometer. 

2    Brhctbltr's  tuning-rnrks, 

8.  Appnnn'a  tunomi-tcr  with  frw  reeda. 

4.  EoBnig's  tuniug-fork  clock. 

Under  the  first  heading,  an  exact  copy  of  Colonel  Perronel 
Thompson's  monochord,  and  tho  Btrcn ;  under  the  second,  Liseajous 
fignrcs,  and  McLood's  iDf;onio'us  modification  of  theso  in  tho  cycloscope 
were  demonstrated,  tho  latter  having  proved  one  of  the  most  accurate 
and  satisfactory  instrumonts  hitherto  employed  for  this  purpose. 
Gunsiderable  stress  was  laid  on  the  fifth  or  compntative  method,  on 
account  of  its  extreme  simplicity  and  accnracy,  and  also  on  the  faci 
that  by  it.  Absolute  Lad  first  been  obtained  from  Kelative  pitch. 

The  three  inBtruments  mainly  adverted  to  were  Scheibler'e 
TonmcMer,  Appuna's  reed  tonometer,  and  Eoenig's  tuning-forb 
dock.  The  first  and  second  of  those  were  exhibited  ;  of  the  third 
a  photograph  was  projected  on  the  screen.  Scheibler  was  a  silb 
manufacturer,  of  Crefold,  in  Germany,  who  as  early  as  1834  pub- 
lished bis  system  of  pitch-measuientont.  In  its  simplest  form,  it 
consists  of  sixty-five  tuning-forks,  each  beating  with  its  two  neigh- 
bours four  times  per  second,  the  first  and  last  producing  together  a 
true  octave  free  from  beats.  It  can  easily  be  shown  mathematically 
that  if  tho  product  of  64  x  4  which  =  256,  and  is  the  sum  total  of 
beats,  bo  correct,  it  must  equal  tho  Tibration-numbcr  of  the  deeper 
and  half  that  of  512  the  acutor  fork.  Thus  absolute  will  have  been 
deduced  from  relative  vibrations,  and  tho  problem  of  pitch-determina- 
tion will  have  been  solved.  Schoibler's  excellent  observations, 
however,  seem  to  have  failed  to  meet  with  tho  recognition  they 
deservotl,  untQ  they  wore  disinterred  by  Helmholtz  and  his  English 
translator,  Mr.  Alex.  J.  Ellis. 
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Appnnn's  reed  tonometer  proceeds  on  exactly  the  same  principle 
as  that  of  Schcibler,  free  reeds  being  snbstitnted  for  forks.  It  is 
Bomewhat  inferior  in  accuracy  to  the  latter,  for  reasons  named  above, 
and  also  from  the  nintoal  influence  of  the  reeds  on  one  another, 
which  has  been  shown  to  be  considerable.  On  the  other  hand,  its 
strident  and  coercive  tone  renders  its  indications  more  appreciable. 

The  third  instruniont,  recently  made  by  Koonig,  of  Paris,  and 
fully  described  in  'Wiedemann's  Annalcn '  in  1880,  has  not  yet 
reached  this  country.  It  consists  essentially  of  Helmholtz's  vibra- 
tion-microscope,  combined  with  a  small  cl<x:k  of  which  the  pendulam 
is  a  tuning-fork,  causing  the  escapement  to  make  128  single 
ribrations  per  second. 

It  might  be  now  considorod  that  the  problem  of  absolute  pitch 
had  been  satisfactorily  determined,  and,  a  standard  having  been  ob- 
tained, its  artistic  application  was  matter  only  of  time  and  patience. 

That  it  had  not  been  so  applied  was  a  discredit  to  England,  due 
chiefly  to  the  rank  emd  file  of  unmusical  musicians  named  above.  It 
was  perfectly  certain  that  since  the  time  of  Handel  a  rise  of  orchestral 
pitch  amounting  to  about  a  semitone  had  occurred.  The  cansos  of 
this  rise,  in  the  Lecturer's  opinion,  were  at  least  four :  (1)  the  excess  of 
true  fifths,  as  tuned  to  by  violins,  over  corresponding  octaves  ;  (2)  the 
rise  by  heat  of  the  increased  number  of  modem  wind-instruments ; 
(3^  the  difficulty  of  appreciating  slow  bents,  leading  players,  for  the 
saKo  of  prominence,  to  tune  slightly  above  absolute  unison;  (4)  the 
predominant  effect  on  the  oar  of  a  sharper  over  a  flatter  note,  causing 
a  steady  rise  of  the  instrumenta  which  are  susceptible  of  tuning. 

It  was  obvious  to  any  thoughtful  man  that  the  Voice,  God's 
instrument,  should  be  consulted  in  preference  to  man's  less  perfoct 
oontrivanocs  of  wood  and  brass.  At  the  same  time,  the  difference 
between  the  high  orchestral  pitch  now  in  use  to  the  detriment  of 
•ingan'  Toioee,  and  the  French  normal  diapason,  which  had  been 
prored  by  Kcenig  to  bo  an  accurate  as  well  as  convenient  standard, 
was  really  far  loss  than  would  bo  thought.  This  fact  was  illustrated 
by  playing  alternately  on  clarinets  tuned  to  the  one  pitch  and  the 
othur ;  the  oar,  unassisted  by  beats,  being  all  but  unable  to  detect  the 
difference  betwoon  the  two.  In  conolnsion,  the  main  need  of  mo<leni 
English  mnsio  was  stated  to  bo  a  greater  familiarity  with  the  physical 
prinoiples  upon  which  it  resta  [W.  H.  S.] 


WEEKLY  EVENING  MEETING, 

Friday,  March  25,  1881. 

Wabbkk  Di  La  Bitk,  Esq.  MA.  D.O.L.  F.R.S.  fto.  Seeratary  and 
Yioe-Preaident,  in  the  Chair. 

AuxAVOSB  Boonxx,  Esq.  M.A.  F.n.S.E.  S«o.  Met.  Soo.  Scot 

The  Weather  and  Health  of  Limdim. 

(Abatmct  dfferMd.) 
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WEEKLY  EVENING  MEETING. 

Fridny,  April  1,  1881. 

JoBEPH  BnowN,  Esq.  Q.O.  Vioo-President,  in  the  Chair. 

8in  HBNnt  8.  Maisk,  K.C.S.I.  F.R.S.  &c. 

The  King  in  hi$  Relation  to  Early  Civil  Jufliee. 

Whkrever,  in  the  records  of  very  ancient  societies  belonging  to  racei 
with  wliich  we  have  some  aflSnity,  we  come  upon  the  personage  whom 
wc  call  the  king,  bo  is  almost  always  associated  with  the  administra- 
tion of  justice.  He  is  much  more  than  a  jndge.  He  is  all  but  inva- 
riahly  a  military  chief,  and  constantly  a  priest.  But  lie  rarely  fail* 
to  be  a  judge,  though  his  relation  to  justice  is  not  exactly  that  with 
which  we  aro  fiimilinr. 

The  liiw  books  claiming  the  highest  antiquity  aro  those  of  the 
Hindiitw,  of  whidi  one,  and  not  the  (diicst,  has  long  boon  known 
vaguely  to  Europeans  as  the  code  of  Manu.  These  books  only 
became  law  books  by  a  process  of  specialisation,  having  at  first  dealt 
with  all  things  human  and  divine  ;  hut  they  always  assume  a  king  to 
administer  justice,  who  sits  with  learned  Brahmans  for  assessors. 
This  order  of  ideas  may  be  traced  in  the  westerly  wing  of  the  Aryan 
race,  where  the  groat  Brehons  who  declared  the  ancient  Irish  law  are 
kings  or  kings'  sons,  and  whore  it  is  expressly  laid  down  that  a  king, 
though  of  right  a  judge,  may  have  an  assessor  to  advise  him.  Still 
older  is  the  conception  of  the  king's  relation  to  justice  found  in  the 
poems  attributed  to  Homer.  There  the  king,  as  judge,  pronounces 
judgments  or  "  dooms,"  but  though  they  are  doubtless  based  on  pro- 
existing  usage,  they  are  supposed  to  be  divinely  and  directly  dictated 
to  the  king  from  on  high. 

The  judges  of  the  Hebrews  represent  an  old  form  of  kingship, 
but  indopondontly  of  the  etymology  of  the  name,  they  are  clearly 
exponents  of  the  law  and  administrators  of  justice.  Deborah,  who  is 
counted  among  them,  judged  larnol  in  Mount  Ephraim  ;  Eli,  the  last 
but  one  of  them,  had  judged  Israel  forty  years;  and  Samuel,  the 
last,  expressly  claims  credit  in  his  old  age  for  the  purity  of  his 
judgments.  The  decline  of  the  system  is  mai'ked  by  the  misconduct 
of  their  children.  Under  tho  later  hereditary  kingship,  the  judicial 
function  scarcely  appears  in  Saul  and  David,  but  revives  in  Solomon. 

By  the  side  of  the  king  there  was  another  fountain  of  law  and 
justice,  the  popular  assembly.     It  is  not  necessary  to  enter  on  the 
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qnestion,  now  much  dispnted,  which  waa  tho  older  of  tho  two,  but  it  is 
to  bo  obsorrod  that,  howoTer  much  a  Bystom  of  tribnuals  indopendeut 
of  the  king  might  be  orgonieed,  there  was  always  supposed  to  be  a 
residuary  and  complementary  jurisdiction  in  the  king.  The  Roman 
law,  which  supplies  the  law  of  the  civilised  world  wherever  English 
law  does  not  prevail,  is  descended  from  this  residuary  jurisdiction. 
What  we  know  as  the  Roman  jurisprudenoo  is  not  the  primitive 
Roman  law,  but  it  is  that  law  Stilled  through  the  jurisdiction  of 
the  Roman  prstor,  which  jurisdiction  hod  descended  to  him  from  the 
ancient  half-fabulous  kings  of  Rome. 

In  the  ancient  Teutonic  administration  of  justice,  which  is  specially 
interesting  to  us  as  a  Teutonic  people,  we  find  tho  king  and  the 
popular  tribunal  side  by  side.  The  relations  of  the  two  are  very 
difficult  to  trace  in  our  own  island,  much  as  modern  learning  has 
done  for  the  inquiry,  but  they  are  tolerably  clear  in  the  low  of  the 
Sab'an  Franks,  which  baa  descended  to  as  as  tho  Salic  law,  aud  which 
is  erroneously  supposed  to  have  something  to  do  with  the  descent  of 
crowns.  The  Salio  law  is  re&lly  a  manual  of  law  and  procedure  for 
the  ancient  German  Court  of  the  Hundred.  The  king  first  appears 
merely  as  claiming  a  share  of  tho  fines ;  but  as  tho  liistory  of  law 
proceeds,  it  is  his  authority  which  gives  to  tho  administration  of 
justice  most  of  tho  characteristics  which  now  belong  to  it.  The 
ancient  Court  of  the  Hundred  hod  no  power  to  enforce  a  largo  class 
of  its  own  decisions,  tho  man  who  disobeyed  them  being  at  most 
ontlawed.  But  if  the  litigants  agree  beforehand  that  the  king's 
topreaentativo  shall  enforce  the  award  of  tho  court,  he  will  do  it; 
and  so  will  the  king  himself  if  the  litigant  goes  to  him  in  person. 
As  the  Froiikish  kings  become  mure  powerful,  they  intervene  more 
and  more  in  tho  business  of  the  Hundred  Court.  The  Court,  or 
King's  Deputy,  takes  the  place  of  the  elci-tive  President,  or  Thing- 
man  ;  but  then,  crn  the  other  hand,  all  the  juclgments  of  tho  court  aro 
enforcc<l.  Finally,  even  popular  justice  comes  to  be  administered  in 
the  king's  name. 

Except  in  communities  living  within  walled  towns,  whoso  institu- 
tiona  followed  a  ]>couliar  course  of  development,  royal  justice  steadily 
grow  at  the  cxi>cnso  of  popular  justice.  Wliat  wore  the  canses  of 
thii?  First  of  all,  tlic  muUitndinonsncss  of  the  {xtpulor  courts,  and 
the  great  burden  which  tho  duty  of  attending  them  throw  on  the  free 
cnltivat4ir.  In  England,  tho  Reeve  and  four  men  attended  the 
Uuudred  and  Shire  Courts,  and  an  oven  larger  number  of  frocmen 
allondod  in  the  courts  of  the  Continent.  Even  now  a  sunmions  to 
warn  on  a  jury  is  not  received  with  complacency,  but  what  must  the 
duty  of  going  to  the  Shire  Court  have  been  when  most  of  England  waa 
foreot  or  fun,  and  when  there  wore  few  roads  but  the  old  Roman 
roada?  Nor  was  tho  onerousness  of  tho  daty  to  bo  disohargctl  in 
oooit  Tory  alight,  since  the  judges  had  sometimes  to  fight  on  behalf 
of  their  own  vordiots.  There  are  conncils  of  the  Church  which 
protoat  agiainst  the  burden  thrown  on  poor  mon.     Tho  feudal  coarta 
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desoended  from  tlio  popolor  courts  were  eqaally  namoroua  at  I 
wad  equally  opproceivo  in  conBcqneiicc.  I 

Motntimo  the  joBttoe  which  tho  king  admin istoroil  to  all  4 
applied  to  him  was  purer,  more  efficient,  and  more  skilfallj  ad^ 
til  tho  facts,  sinoo  he  nloue  had  the  command  of  expert  adrice.  I 
still,  in  order  to  nuderstand  the  accceeibility  of  rojal  justice,  we  a[ 
brins  homo  to  ourticWos  what  the  ancient  Tcntonic  king  vns.  Hm 
not  live  at  homo  in  a  distant  castle  or  palace.  Ho  was,  above  < 
things,  an  ambulatory,  itinerant  poraonage,  moving  over  about  ] 
territory  with  suqirising  rapidity.  The  ancient  Celtic  king  follow 
tho  same  practice.  The  ancient  Irish  records  show  the  Irish  ki 
perambulating  the  territory  of  his  sabordiuate  chiefs,  making  thi 
presents,  and  feasting  at  their  expense.  By  the  end  of  the  sixteeo 
century  this  had  become  a  great  abase,  and  the  "  cutting  and  cosherini 
of  the  Irish  chiefs  is  especially  stigmatised  as  one  of  the  corsee 
Ireland.  Tho  itinerancy  of  the  English  kings  continaod  to  a  at 
prisingly  late  period,  and  was  much  more  constant  than  is  popnlai 
known.  One  object,  no  doubt,  was  to  live  on  the  produce  of  tht 
widely  separated  lauds,  but  another  was  to  administer  justice  ai 
collect  judicial  fines  and  fees. 

The  Lecturer  then  referred  to  tho  Itineraries  of  King  Henry  ] 
and  King  John  drawn  up  by  Mr.  Eyton  and  Sir  T.  Dtiffus  Hard 
Ho  gave  as  an  example  tho  movements  of  King  John  ,iu  May  120 
and  showed  that  the  king,  in  the  course  of  that  month,  travelled  ov 
half  of  England.  And  though  John  passes  as  an  effeminate  sovereig 
the  same  extraordinary  activity  wont  on  through  every  month 
nearly  every  year  of  his  reign.  Gradually,  however,  the  itinera 
king  became  a  monarch  of  the  modem  type,  the  early  stages  of  tl 
change  being  traceable  through  the  growth  of  the  system  of  misti, 
itinerant  deputies  or  "justices  in  eyre,"  which  was  considerably  old 
in  England  than  King  John's  reign,  but  was  much  enlarged  by  i 
great  event. 

The  rapid  movements  of  tho  early  Teutonic  king  probably  le 
him  time  enough  at  each  point  for  the  settlement  of  primiti; 
litigation.  But  as  the  law  and  men's  affiiirs  became  more  oompl 
cated,  a  new  set  of  abuses  arose.  The  litigant  who  desired  the  royi 
judgment  had  to  hurry  after  tho  king  over  all  parts  of  his  dominion 
The  Lecturer  referred  to  the  efforts  of  Richard  de  Anersley  to  g« 
Henry  II.  to  "  give  him  a  day  "  :  the  story  of  his  trouble  and  expenst 
is  printed  in  tho  second  volume  of  Palgrave's  '  Rise  of  the  Englis 
Commonwealth.'  It  is  easy  for  the  reader  of  this  paper  to  understan 
the  importance  of  the  provision  of  Magna  Charta  that  "  tho  (Jommoi 
Pleas  ore  no  longer  to  follow  tho  king." 

The  struggle  between  royal  and  popular  justice  has  determine* 
the  judicial  and  legal  history  of  many  diflbrent  European  countries 
The  judicial  system  of  England  is  of  royal  origin.  Except  so  far  ai 
it  has  been  changed  by  the  modern  county  courts,  it  is  the  moBi 
centralised   system  of  judicial   administration  in  the  world.     The 
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popnl&r  courts  haye  practically  perished.  On  the  other  hand,  the 
law  itself  has  been  less  changed  than  in  Franco  or  Gormanj.  It  is 
still  a  roodemitiod  version  of  Teutonic  usage. 

In  France,  those  characteristics  are  reversed,  mainly  owing  to  the 
authority  obtained  by  the  Roman  law.  The  civil  code  is  little  more 
than  a  version  of  Boman  jurispmdcncc.  But  the  eamo  cause  which 
changed  the  law  preserved  the  form  of  the  judicial  system,  aud  hence 
superficially  the  French  judicial  system  has  much  of  the  form  of  the 
old  popular  judicature.  Yon  find  very  little  jadicial  centralisation, 
A  large  number  of  local  coorts,  a  multitude  of  judges. 

The  residiMry  authority  of  the  king  proidnoed  in  England  the 
Court  of  Chancery,  which  hiecame  a  recognised  portion  of  our  system. 
It  also  produced  the  Star  Chamber,  whose  jurisdiction  bo<»me  a 
proverb  of  oppression.  The  Star  Chamber  marks  the  exhaustion  of 
what  was  once  the  most  valuable  of  all  sources  of  justice.  The 
reforming  authority  of  the  king  has  descended  to  legislatures,  now 
almost  everywhere  the  children  of  the  British  Parliament. 

[H.  S.  M.] 
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OMoral  MontUy  Meeting. 

OENERAL  MONTHLY  MEETING. 
Monday,  April  4,  1881. 
IB  BtJBK,  Esq.  F.R.S.  Treasurer  and  Vioo-President,  in  the  C 

Louis  Frank  Cohon,  Esq. 

Alfred  Baring  Garrod,  M.D.  F.R.S. 

Forstcr  Groliam,  Esq. 

Mrs.  Ghorlotto  Lossettor, 

Hugh  Leonard,  Esq.  M.I.C.E. 

Mrs.  Llewellyn  W.  Longstoff, 

Mrs.  Elizabeth  Buseol  Miiller, 

Engc-ne  de  la  Ponha,  Esq. 

Mrs.  Eug^'ue  do  la  Penha, 

St.  George  Lone  Fox  Pitt,  Esq. 

Percy  Spalding,  Esq. 

John  Lawrence  SulIiTon,  MJ),  M.R.O.P.  Load. 

George  Wray,  Esq. 

were  elected  Members  of  the  Royal  LiBtitution.. 

The  Arrangements  for  tho  Loctores  and  Friday  Evening  Meet 
after  Easter  were  onnonuced,  yiz. : —  i 

Profkssob  Dewar,  M.A.  F.R.8. — Six  I^tores  on  The  Non-Uk 
Elements;  on  Tuesdays,  April  26  to  May  31, 

Professob  Ttnuall,  D.C.L.  F.R.S. — Six  Lcctiues  on  PiUUiCAONETiBii 
DiAJiAONiTisM  ;  on  Thurodaya,  April  28  to  Juno  2. 

PBorESBOR  H.  MoRUfr. — Three  Lectures  on  Bootlakd'b  Part  ijf  Eni 
LrTEBATTBx;  on  Saturdays,  April  30,  May  7,  14;  and  One  Lecture  on  To 
Oabltlb;  on  Tuesday,  June  7. 

E.  C.  Ttrser,  Esq.  Lector  at  tho  UniveTsity  of  St.  Petersburg.— 
Lectures  on  The  Great  Modern  M'BrrEBS  op  Kcbsia  |  on  Saturdays,  Moy  2 
Juue  4,  Thursiiay,  June  9,  uod  Saturday,  June  11.. 

Tho  Special  Thanks  of  tho  Members  were  given  to  tho  C 
mittee  of  tho  Cobden  Club  for  the  Fresont  of  some  of  I 
Pablicationa. 

The  Pbbbkntb  received  since  the  lost  Meeting  were  laid  on 
table,  and  the  thanks  of  the  Members  returned  for  the  same. 
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Part  1.    8to.    188(^-1. 
Tuna :   Transanti :  Tome  V. 


N 


FBOV 

T)ta  Goremor-Gmerai  of  India  : — 
Geological  SurTcy  of  IndiA. 

Becords.    Vol.  XIU.    Part  4.    Vol.  XIV. 
Aeeaiiemia  dei  Linoei,  BetiU,  Soma — Atti,  Serie 

Fawx  6,  7,  8.     4to.     1880-1. 
Aduarim,  iMtilule  o/— Journal,  No.  121.    8to.    1380-1. 

OktaloKne  of  Library.    8ro.    1880. 

LM  of  Memben.    8vo.     1880. 
Andrem,  John  B.  &q.  M.R.J.  (JOie  Ju{Aor>— 0«orge  WLiteBcld :  a  Light  Rising 

in  Obscurity.    Fourth  oditiou.     12mo.    1879. 
Amaiic  Socir<\i  of  Bengal— Joarati],  Vol.   XLVIIL   Part  1.  Extra  No.      Sro. 
1880.    Vol.  XLIX.  Part  I.  No.  4.    Purl  II.  Nob.  3,  4.     8to.    1880-1. 

Proceedion,  1880,  NoR.7,  8,9,  10.    1881,  No.  1.    8to. 
Ailronomieai  Soeiely,  Royal— KonihU  Notices,  VoL  XLI.  No.  4.    8to.     1881. 
Rararian  Academy  nf  Seieneet,  iZcqfOt— Sitzangsberichte :  1881,  Hefl  1.    Sto, 
Brilith  Arehiledt,  Royal  IntlUvU  o/— Proceedings,  1880-1.    Nos.  12-15.    4to. 
CkemMo/ SvaWy— Journal  Tor  March,  1881.    8to. 
Cobden  ClHb  Committee:— 

B.  Oobden— PoUticsl  Writings.    Ed.  Sir  L.  Mallet.    12n)n>    1878. 

H.  Aahwoitb— Beoollcctiuna  of  Ricliard  G>bden.     lOto.     1876. 

Corrcnondence  Recpecting  the  Budget     Ed.  J.  W.  Probyn.     16to.     1877. 

The   Uuke  of  Argyll — Essay  on   the   Commercial   Prinoiples  applicnble  to 
OoDtracU  for  the  Hire  of  Land.     16to.     1877. 

H.  Fawcett— Free  Trade  and  Protection.    Tliiid  Edition.    8to.     1879. 

Sir  U  Mallet— Beciprocitv.    8vo.     1879. 

y).  E.  Baxter— Onr  Land  Laws  of  tlie  Past.     12mo.     1880. 

A.  Mongredien — The  Western  Fsmipr  of  America.    8to.     1880. 
Uiatoiyof  the  Free  Trade  Muri'mcnt  in  EngUmL  16to.  1881. 
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FBorxBooB  J.  Sttabt  Blackik,  F.B.S.E. 

TAe  Language  and  Literature  of  the  Scottith  HigUandt, 

Son  fifty  years  ago  Colonel  Vane  Kennedy,  in  a  book  of  no  vulgar 
■peculation  and  research,  could  make  the  assertion  before  the  scholars 
<^  Great  Britain  that  the  Celtic  InQguages  constitute  a  special  family, 
having  no  connection  with  any  other  known  languages,  specially 
altogether  distinct  from  Sanscrit,  Latin,  Greek,  Teutonic,  and  other 
members  of  the  great  Aryan  class.  At  the  present  day  there  is  not  a 
fairly  instructed  schoolboy  in  an  ordinary  English  classical  school 
who  is  not  familiar  with  the  exact  contrary  of  this  proposition.  That 
such  an  assertion  should  have  been  made  at  all,  admits  of  explanation 
only  from  the  general  neglect  of  the  Celtic  languages  by  well- 
educated  British  scholars,  together  with  the  crude  state  of  arbitrary 
divination,  in  the  limbo  of  which  eveu  good  ptiilologers  were  in  those 
days  blindly  tossed  about.  Against  this  system  of  would-be  scientific 
conjecture  as  applic<l  to  the  Celtic  languages.  Colonel  Kennedy  stoutly 
and  wisely  protested  ;  but  his  own  knowledge  of  Celtic,  picked  up 
mainly  from  the  dictionary,  without  any  living  knowledge  either  of 
its  habits  or  its  anatomy,  was  altogctlicr  insnflScicnt  to  enable  him  to 
make  a  diagniwis  of  the  language,  that  might  furnish  reliable  materials 
for  a  scientifically  conducted  induction.  Such  a  diagnosis,  thanka 
to  the  labours  of  those  "  intellectual  moles  "  and  intellectual  eaglea, 
the  (fcrmans,  we  are  now  in  a  condition,  with  the  must  perfect  easo 
and  with  the  nio«t  sure-footed  safety,  to  conduct.  My  own  acquaint- 
ance with  the  Celtic  languages  is  confined  to  that  mcrol>er  of  the  family 
8|>oken  in  the  Highlands  of  Soutlaiid,  commonly  called  Gaelic ;  and 
M  it  was  an  acquaintance  which  I  made  accidentally  from  sympathy 
with  the  people  among  whom  for  a  suocosaion  of  summer  Masons  I 
bad  pitched  my  tent,  and  followed  out  as  a  pleasant  recreation  rather 
than  a  serious  business,  I  cannot  pretend,  in  addressing  you,  to  8|ie«k 
with  the  full  weight  of  authority  that  would  belong  to  the  words  of  a 
Zevm,  an  Ebbl,  or  a  Wi.vniscn.  But  I  know  enough  of  the  general 
principles  of  comparative  philology,  and  enough  also  Itoth  of  the 
grammar  and  the  living  genius  of  the  lungiutgo  as  now  K|Hikeu  in  the 
liighlanda,  to  keep  mo  from  falling  into  any  serious  blunder;  and  I 
appvar  ben  before  you  to-night,  1  presume,  on  the  very  practical  and 
profitable  aasumpUou  that  in  a  domain  whcro  everybody  knows  nothing. 
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•  man  who  knows  something  may  ptss  for  a  pundit  I  shall 
foro  proceed  to  tell  yon  what  I  know  of  the  matter,  on  John  Ijoi 
famous  sapposition  that  your  metropolitan  minds  are,  in  referenc 
the  subject  of  my  lecture,  as  a  sheet  of  blank  paper,  on  whieh 
nokcmpt  uncovcnantod  Scot  may  for  once  be  allowed  to  stamp 
scripture  he  pleases. 

I'olonel  Kennedy  was  perfectly  aware  that  there  existed  not  i 
words  in  Welsh  and  Irish   manifestly  cognate  with  the  same  y 
in  Latin  ;  hut  he  had  a  ready  theory  that  all  savage  or  semi-ciri 
trilK-s  borrow  largely  and  greedily  from  their  civilised  superiors, 
ho  thought  that  this  theory  was  suiBoicnt  to  explain  all  the  similaj 
which   he  had  noted.       Now,  it  is  qnito  true,   however   somo  ' 
Galicians  may  kick  against  it,  that  not  only  ecclesinsticol  word^ 
other  words  not  a  few,  may  be  either  certainly  set  down  as  borroi 
from  Latin,  or  labouring  under  a  strong  suspicion  of  such  impoi 
tion.     But  it  is  equally  true  that  words  for  the  most  common  ol 
and  necessary  relations  of  life,  and  where  no  suspicion  of  borrc 
con  intrude,  appear  in  Gaelic  with  a  distinctly  Latin  physiognu 
and  it  is  truly  surprising  to  mo  how  the  bad  luck  could  have  happ 
to  any  ransnckcr  of  dictionaries,  to  march  out  two  long  colnmm 
Celtic  roots  of  familiar  objects  without  stumbling  upon  a  single  La 
or  Teutonic  equivalent.     If  the  Celts  borrowed  Jiim  from  the  La 
viniim,  which    is   possible   enough,   though  anything   but  certain, 
certainly  cannot  bo  said  that  the  words  matbair,  molher,  nHATHj 
brother,    each,    hor»e,   and    cu,    dog,    fall   under    the   same    forei 
category.     And  what  shall  wo  soy  to  the  numornls  ?     It  should  hi 
seemed  to  Colonel  Kennedy  that  it  was  as  irrational  to  suppose  tl 
the  Celts  borrowed  the  names  of  the   simple   numerals   from    ( 
Bomans,  as  with  the  scholars  of  last  century  to  believe  that  Sanscrit 
a  language  borrowed  from  Greek  as  a  consequciioo  of  the  conquoi 
of  Alexander  the  Great.     Tiio  lowest  savages  count  by  tivcis  and  te 
and  scores ;  and  the  Celts  in  Julius  Cicsar's  time  were  confessed 
lar  above  that  level.     Let  us  comnicuco  therefore  with  the  nnmen 
as  at  once  the  must  striking  jiroof  of  the  original  identity  of  t 
language,  nnd  as  presenting  examples  of  somo  of  the  most  eharacUi 
istic  mutations  of   consoiiiintH,   which    P/gulato    the  passngo    of   i 
original  Indo-European  root  from  the  Latin  to  the  Celtic  form. 


OAiua 

larnr. 

aon 

tmiu. 

da 

duo. 

treat 

tra. 

ceithir 

qvntvor. 

coil, 

qvi'nqve. 

te 

MX. 

teaU 

teptinnt 

ochd 

O0t). 

naoidA 

notem. 

dcich 

(kiretn. 

Jie/icat 

Ti'jinti.              ^^^^^ 

otad 

cmfym.           ^^^H 
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Now  the  throe  first  of  these  nnmeralB  require  no  observation. 
In  the  fourth  wo  see  an  illustration  of  a  law  very  conuuon  in  Gaelic, 
as  compared  with  Latin,  and  as  one  would  expect  also  in  French — 
viz.  dropping  a  consonant  in  the  middle  of  a  word,  when  prcce<led 
and  followed  by  a  vowol.  Thus  the  French  from  pater  make  jS'Ve, 
and  from  mater,  mare  ;  and  so  the  Latin  qvatuor  is  smuothod  down  to 
eeithif  (pronounced  Ga-ur),  by  the  omission  of  the  aspirated  L  In 
eoig  another  law  is  exemplified,  which  leads  to  the  omission  of  the 
nasal  n  before  a  consonant,  exactly  as  in  Ionic  Qreck  we  have  irvOoivro 
Toealisod  into  irvOoiaro.  So  in  Giaelic  we  have  niiox,  a  month,  for 
MMtWi*.  The  number  tex  is  softened  down  by  tlie  common  practice 
of  shaving  off  a  final  consonant.  So  in  geptem,  novem,  and  decern,  the 
final  m  falls,  as  we  know  neither  was  it  pronounced  by  the  Romaiis, 
and  as  the  modem  Greeks  treat  the  final  v  of  the  second  declension 
of  nouns,  saying  koXo  for  koXuv.  In  »eachd  and  ochd  we  further  see 
the  preference  given  by  the  Celts  to  the  aspirated  guttural  rh,  while 
as  an  initial  of  roots  c  remains  as  in  cridhe  xapSia  and  ereadh 
erela;  and  in  deack  compared  with  decern  we  have  further  to  note 
that  the  hard  r  or  it  in  Latin  at  the  end  of  a  word  is  softened  into  ch, 
M  in  etuA  for  equua ;  tuuiidJi  vocalises  the  medial  c  of  the  Latin.  Ficheat 
exemplifies  the  change  of  v  into  /,  as  in  rinum,  and  in  fios  for  the 
German  listen ;  and  again,  the  throwing  out  of  the  n  before  the  final 
(,aa  when  the  Greeks  changed  tlie  original  Doric  Xr/oyn  into  Xcyourt. 
CWum  becomes  ceiid  on  the  some  principle. 

And  now,  summing  up  all  these  special  difleronccs  between  the 
Gaelic  language  and  its  nearest  relative,*  wo  may  say  at  onoe  that  the 
Gaelic  language  boars  on  its  face  the  impress  of  a  curtailed,  smoothetl 
over,  and  somewhat  emasculated  Latin — a  language  which  has  dealt 
consistently  with  the  original  stock  of  Latin  which  it  brought  with 
it  from  the  East,  exactly  in  the  same  fashion  that  French  hoa 
dealt  with  its  imported  Latin.  This  curtailment  in  both  langoaget, 
French  and  Gaelic,  has  gone  to  such  an  extreme  that  it  is  not  seldom 
difficult  for  an  inoxporionoed  eye  to  recognise  the  identity.  Thna 
between  g«ur,  a  goat  (I  write  here  as  pronounced),  and  caper,  gavil, 
and  capere,  aar  and  pater,  on  a  su|ierfioial  view  thero  sooma  no 
oouuection  ;  but  8(^11  these  words  as  they  appear  in  the  books,  gahhar, 
giibhail,  athair,  anil  a  philological  eye  discerns  at  a  glance  the  original 
identity  of  tho  divergent  terms.  For  the  8{K!lling  of  these  words 
clearly  iu<licat<.-8  that  the  medial  consonant  liofore  being  dropped  was 
•spirattxl,  that  is,  softened  duwu  by  a  breathing  which  renders  it  more 
easy  uf  pronunciation,  and  pro|iArc8  the  way  fur  its  final  diiiappear* 
■ace.  Beatore  this  nio<linl  consonant,  with  all  tho  sharpness  of  its 
natural  features,  and  there  is  not  the  slightest  difficulty,  oven  to  an 

*  Ebel  my  that  the  Ooolic  roota  which  out  be  proved  to  ba  nKxHilad  fonns 
of  iho  Mine  tonta  In  Uii<  Arvaii  familT  bt-IonK  in  praitv  nturly  equal  gnof  to 
the  Liitiii  and  Ti-nk<nio  itDrk.  I  ilonl  nu\j  with  tlic  Latin  bai^  aa  Gaiiig  the 
■Mn  familUu  (o  tlic  gcncnil  KOilicno.'. 
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nnflciontific  eje,  in  porceiving  that  gabar  and  eaper,  gabail  and  cm 
Me  identical,  the  change  of  the  sharp  into  the  blunt  consonanj 
both  caaeit,  and  the  rejection  of  tho  final  vowel,  with  the  fanij 
change  of  r  into  /  in  capere,  being  all  that  is  required  to  effect 
paaaage  from  the  Latin  to  the  Celtic  form  of  the  word.     In  atha 
farther  change  take*  place, the  dropping  of  tho  initial  consonant;  ' 
this  is  quite  in  order,  as  the  Homeric  forms  a7a  for  yala,  tlpM  I 
lib<i,  and  otfof  for  Sccrot  sufficiently  prove.     The  Gaels  seem  to  1^ 
had  a  peculiar  antipathy  to  p  at  tho  commencement  of  a  word ) 
that  not  only  in  a/AaiVfroni  paler,  bnt  in  leac  from  n-Xox-,  in  leana  fi| 
plantu  and  in  Ian  from  plenu*,  and  in  ufhiU  from  pectus,  this  unoff4 
ing  letter  has  boon  rudely  thrown  out.    The  system  of  aspiration  h 
liotod  as  a  preparatory  step  for  the  evasion  of  tho  medial  consent 
and  taking  the  bonis,  so  to  speak,  out  of  the  word,  extends  in  Qai 
and  all  the  Celtic  languages  far  beyond  the  case  of  the  medial  a 
sonant.     It  is  a  regular  habit  of  the  langnago  to  modify  by  aspini 
the  initial  consonant  of  any  word,  when  it  is  preceded  by  certain  vrat 
most  of  which  arc  distinguished  by  a  long  final  vowel,  a  modificat^ 
which  in  not  a  few  cases  amounts  to  a  total  deletion  of  the  consona 
and  in  certain  cases  to  a  sweeping  erasure  of   both  consonant  ■ 
aspirate  from  tho  field  of  hearing ;  a  result  which  not  only 
culates  the  word,  but  renders  it  difficult  to  bo  recognised  by 
whose  ear  has  been    tmined   to  the  primary  and  unmodified  fa 
Thus  the  word  tioh,  a  Iiouso  (in  which  as  spelt  the  Latin  tego,  i 
Greek   orryot,  the  Gommii  dnch,  and  the   English  deck  are  pi 
recognised),  when  preceded  by  vio  or  do,  my  or  Ihy,  forthwith  " 
high.     A  similar  mod  ili  cat  ion  takes  place  regularly  in  tho  flexia 
nouns  and   verbs,  atid  specially  when   an    adjective  is  joined 
feminine  noun.     Thus,  as  lien,  a,  mountain,  is  feminine  in  Gael 
instead  of  Ben  Mure,  or  big  mount,  tho  ufttivos  say  Denrdre,nr,  as  th 
spell  it,  Bentiihcr,   chanp;ing    tho    «»   into  v  by  tho  addition  of    t 
aspiration.  I  roraemlwr  how  much  I  was  piiKzlod  with  the  significati' 
of  Ben  Awt  (tho    name,  as   pronounced,  of  tho  north  peak  of  B< 
More  in  Mull),  till  I  consulted  a  lady  living  at  the  bottom  of  the  hi 
who  told  lue  that  Awt  as  pronounced  was  only  a  modified  form 
FAD,  long,  tho  modification  being  caused  by  the  feminine  gender 
the  noun,  which  necessitated  the  aspiration  of  the  initial  / ,  and  thi 
again,  ncceesitatcd  the  difiappenmncc  of  both  aspirate  and  oonsonan 
The  effect  of  all  this,  wliilo   it  umiuestionably  gives  a  certjuu  indii 
tiuctitess  and  want  of  firmness  to  tho  oiprcBsion  of  tho  language,  is  I 
make  it  admirably  fitted  for  musical  purposes ;  as  we  see  also  i 
Scotch,  whore  hall  becomes  ha  ;  at  all  becomes  ova  ;  gold,  grniid  ;  tci 
not,  in'nna  ,-  do  nvl,  dinna  ;  mitH  not,  mauiia,  and  so  forth.     This  stat 
of  tho  case  contrasts  wonderfully  with  tho  common  opinion  cntei 
toinod  of  Gaelic  by  tho  English  people,  wlio  are  accustomed  to  talk  c 
it  as  harsh  and  guttural ;  but  this  opinion  arises  partly  from  the  fac 
that    tourists    in  the  Highlands  seldom   hear   the  language   spokei 
except  by  the  most  unrefined  persons,  and  partly  from  the  notion  tha 
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the  final  eh,  in  which  GAelio,  like  German,  abonuds,  ia  a  harsh  eonnd. 
It  is  quite  the  reverse.  The  German  milch  is  the  soft  form  of  the 
harsh  and  sharp  English  milk.  It  is  nothing  singular  that  men 
attempt  to  fasten  a  fault  on  an  object  perceiTed,  when  the  real  flaw 
lies  in  the  defective  organ  of  the  percipient. 

So  mnch  for  the  language.  The  literature  in  its  main  stream 
oonaiBta  of  popular  ballads  and  songs — those  xAca  avhpmv  with  which 
Achilles  is  represented  as  solacing  his  solitary  grudge  when  Agamem- 
non sends  the  embassy  to  request  him  to  rejoin  the  Greek  army.  Of 
these  songs  and  ballads  a  collection  was  mode  by  a  certain  Dean 
Hacgrigor,  of  Lismoro,  in  Argyll,  about  the  time  of  the  Reformation  ; 
for  a  long  time  preserved  in  the  Advocates'  Library  in  Eilinburgb, 
and  some  years  ago  published  and  translated  under  the  able  editor- 
ship of  Skene  and  MocLauchlan.  Another  most  extensive  and 
valuable  collection  has  recently  been  made  by  John  Campbell  of  Islay, 
taken  down  from  tlie  months  of  the  people  and  preserving  many  of  the 
old  Fenian  traditions  in  a  form  which,  without  his  work,  must  very 
soon  have  disappeared.  I  myself  have  heard  some  of  these  balladis 
recited  by  an  old  man  in  Tobermory,  the  descendant  no  doubt  of  a 
race  of  ballad-singers  and  story-tellers,  who  formed  a  regular  pro- 
fession in  the  Highlands,  but  which  now,  like  other  good  things  in 
that  quarter,  is  rapidly  dying  out.  As  in  ancient  Greece,  the 
original  musical  form  in  which  the  popular  traditions  were  embodied 
■ocm  gave  rise  to  a  prose  version  of  cognate  matter  in  a  kindred 
tone ;  bo  beside  the  ballads  and  songs  of  which  we  have  spoken, 
there  existed  in  the  Highlands  o  rich  collection  of  prose  stories 
or  tales,  which  were  told  by  accomplished  story-tollurs  to  lighten 
the  heaviness  of  the  winter  evenings  at  the  smoky  fireside.  To 
the  patriotic  diligence  of  Mr.  Campbell  in  this  case  also  wo  are  in- 
debted for  the  preservation  of  a  body  of  prose  Highland  talcs  of 
primary  importance  in  the  histury  of  early  Aryan  and  European 
civilisation.  The  contents  of  those  stories,  though  oftfn  fanciful  and 
childish,  like  our  fairy  tales,  are  seldom  without  a  subtle  moral  sig- 
nifioaooe ;  and  their  stylo  is  masterly,  with  a  certain  natural  c^uaint- 
aea  and  grace,  for  which  wo  shall  find  no  {larollcl  except  in  some  of 
tbe  most  attractive  pages  of  Herodotus.  Sumo  of  these  ample  ballad 
materials,  about  the  middle  of  the  last  century,  as  all  the  world  knows, 
fell  into  the  hands  of  a  literary  gentleman  named  MaoPhersou,  be- 
longing to  the  district  of  Bodonoch,  between  Braemar  and  Kingussie  ; 
and  manijiulatcd  by  his  hands  and  a  few  friends  well  skilled  in 
Celtic  lore,  they  were  sent  forth  to  the  world  under  the  name  of  the 
poema  of  Ossian.  That  these  famous  poems — whoso  originality  was 
nooonised  with  fervour  by  Goethe,  Herder,  and  others  of  the  most 
notable  namea  io  European  literature — are  a  genuine  Celtic  produc- 
tion, both  in  respect  of  the  materials  from  which  they  were  oompoaed, 
and  the  manipulators  who  put  the  mat<!rials  t4>gcthor,  there  can  bo  no 
doubt.  The  only  doubt  is  how  much  or  how  little  those  goutlemon 
did  to  put  the  matoriala  which  thoy  unquestionably  posaesflcd  into 
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their  pnblisliod  shftpo ;  and  this  is  a  doubt  which,  like  many  point 
connected  with  the  Homeric  poems  of  early  Greece,  must,  I  fea 
remain  for  ever  uiremoTod.  The  Greek  Homer,  that  is,  the  grei 
poet  who  nsually  passes  for  the  author  of  the  Iliad,  and  the  Celti 
Homer,  tliat  is,  not  Ossian,  but  MacPherson,  cqnally  founded  thei 
fame  on  the  working  up  of  the  floating  materials  of  popular  ballad 
into  a  more  elevated  form ;  as  they  both  equally,  no  donbt,  left  in 
printed  on  the  materials  which  they  naed  the  stamp  of  their  ow 
peculiar  genius  ;  only  with  this  diflerenoe,  that  Homer  lived  in  an  ag 
when  the  minstrel  world  to  which  ho  belonged  was  still  in  its  vigou 
while  MacPherson  appeared  Inte  in  a  literary  age  in  the  characte 
rather  of  an  antiquarian  refurbisher  than  of  an  active  contemporar 
bard.  The  consequence  is,  that  between  Homer  and  the  times  < 
which  he  sings,  the  most  oompleto  and  pleasant  harmony  everywhei 
is  felt ;  whereas  MacPherson's  work  can  never  altogether  be  clear© 
from  the  suspicion  of  having  quitted  the  healthy  simplicity  of  the  ol 
traditions  to  indulge  in  the  superfine  sentimoat  and  a  certain  tragi 
attituiUiiising,  characteristic  of  the  somewhat  fiat  and  feeble  contor 
to  which  ho  Ixdongcd. 

Though  the  Highlanders  wore  never  a  reading  people,  and  are  DC 
even  now  so  to  any  great  extent,  we  must  not  suppose  that  they  were  i 
any  sense  a  savage  or  a  degraded  or  an  uncultured  race.  Not  in  th 
least.  Man  liveth  not  by  books  alone,  but  by  every  word  that  flowet 
out  of  the  living  soul  of  a  brother.  Professionol  iMirds  always  existe 
amongst  them,  learned  in  all  the  traditions  of  their  clan,  and  wit 
Msnaes  well  exercised  to  discnrn  all  tlio  beauty  and  subliraity  of  th 
picturesque  country  which  thoy  inhnbitod.  Of  tJio  intellectual  fei 
tility  of  this  race  a  notion  may  bo  bud  from  the  study  of  the  Sa 
obair  or  bo<jk  of  the  cla-sBicttl  Highland  poets,  a  collection  made  b 
a  certain  John  MacKeuzie,  of  Gairlucb,  in  Eoss-shiro,  to  whos 
memory  a  monument  recently  erected  strikes  the  eye  of  the  tro 
vellcr  oa  he  proceeds  from  the  old  village  to  the  New  Inn  outsid 
the  lf)ch. 

It  would  bo  impossible  for  mo,  in  the  bird's-eye  view  I  am  her 
presenting,  to  ennmornto  even  tlie  names  of  those  who  have  merite* 
an  liouourable  place  in  this  Pantheon  of  the  Celtic  bards ;  for  not  onl; 
within  the  bouk  but  outside  of  it,  everywhere,  even  at  the  presen 
hour,  tlio  intellectual  atmosphoro  of  the  Highlands  ia  intense!' 
lyrical,  and  common  poopio  pjtpross  their  best  thoughts  in  song  w 
naturally  as  tlio  moist  banks  shoot  forth  primroses  in  April.*  But  ■ 
may  single  out  three  as  having  more  than  ciinimoii  claims  to  the  notic* 
of  the  genoi-al  British  public;  I  mean  Alastaiu  MaoDonald,  of  Ard 
namurclmn,  DroALo  Bcchanan,  of  Loch  Kannoch,  Perthshire,  ant 


•  The  fertility  of  tlio  liviog  Celtic  Mtibu  will  bo  bi«t  niirteretowl  by  tin 
jieriiBiil  nf  the  Oniwiic/ie  auil  rther  Ivricnl  colkctiona  piibliaUeil  by  Mr.  Siiirhiir 
ArRvIo  Street.  Glnspiw.  or  tn  bo  lind  from  MacLachlan  and  Stewart,  publiaber* 
o)>|ici«ilte  tbo  Colli'go,  IS<lioburgh. 
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Ddnoan  MaoInttre,  of  Inveroran  in  Argyleahiro,  all  belonging  to 
tlio  midillo  or  the  latter  half  of  the  last  ccntnry.  MncDoimlit,  nulike 
his  brothrpn  of  the  Celtic  lyre,  hod  received  a  uuiverBity  ctliiuation,  and 
boil  more  of  the  character  of  a  modern  literary  man  than  nf  a  genuine 
Highland  minstrel.  Possessed  of  a  bold  Byronic  genius,  he  was  the 
author  of  several  poems  of  undeniable  power,  and  a  man  altogether 
who,  under  more  favourable  circumstances,  might  have  ri|icnod  into  a 
great  Britisli  poetic  notability.  He  lived  in  the  country  of  the  Clan 
Ranald,  and  his  launch  of  the  Biorlinn,  or  Banje  of  Clan  Ranahl,  is 
unquestionably  one  of  the  most  spirited  and  powerful  poema  in 
the  Gaelic  language. 

DuGAU)  Buchanan,  the  Banyan  of  the  religious  world  in  the 
Highlands,  had  a  genuine  poetic  vein,  as  his  i>oem  on  Hamlet's 
suggestive  theme — a  human  skull — places  beyond  doubt ;  but  that 
classical  production,  and  his  other  poems,  are  marred  to  heterodox 
readers,  by  their  want  of  sympathy  with  the  peculiar  theology  of 
terrors  and  tortures  with  which  the  natural  gay  temperament  of 
the  Highhind  Celts,  since  the  Evangelical  revival  of  last  century,  in 
its  most  narrow  and  repulsive  form,  has  been  largely  infected. 

MacIntyrb,  or  Duncan  Ban,  fair  Duncan,  as  ho  is  more  familiarly 
called,  like  a  genuine  old  Ctdtic  bard,  know  nothing  of  reading  or 
writing,  but  spun  his  musical  musings  into  shape  as  he  wandered  up 
and  down  the  glens  in  the  vicinity  of  Tyndrum  and  Loch  Tulloch.  His 
poems  breathe  the  finest  appreciation  of  Nature  and  the  most  gonuiiio 
human  kindness  ;  health  and  joy  and  beauty  are  the  atmosphere  which 
he  constantly  carries  about  with  him  ;  he  borrows  his  colour  from  the 
purple  heather,  and  his  music  from  the  mountain  brook  ;  while  the  stag 
on  the  brae  is  his  familiar  friend,  and  the  most  distinctive  living 
figure  in  his  landscape.  As  a  pictnre  of  mountain  scenery,  and  a 
gloiificaiion  of  the  charaoteristio  Highland  sport  of  deer-«talking, 
Maclntyre's  "  Ben  Doran  "  is  a  work  as  unique  and  perfect  in  the 
region  of  poetical  art  as  Landsoor's  pictoros  are  in  the  sister  art  of 
painting.  Of  this  poem  it  may  be  interesting  to  present  a  specimen 
from  a  translation  mode  by  me  some  years  ago  in  Oban.* 

"  Bight  piciuant  woa  tho  view 
Of  Uwt  fleet  rcd-mnnllwl  crow. 
A*  with  Boundiug  hoof  tlioy  tiod 
0'«r  the  gTBrn  and  tarfj  lod 

Up  th«  bncL 
Aa  they  ipod  with  lithmoA  hony 
Through  the  rock-ongirded  earrie. 
With  uo  lack  of  food,  I  ween. 
When  tktj  cropped  tha  banquet  gTMn 

All  the  way, 
O  gnodl;  did  tlivy  gather, 
In  a  JooDnd  truop  logother, 
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In  thp  corrio  of  llie  Fern 
With  liKht-hcarted  unooncena : 
Or  by  the  omooUi  green  loan 
or  Achslader  were  iihown. 
Or  by  the  mined  etAtioo 
or  the  old  heroic  nutiou 

Of  the  Fin. 
Or  by  the  willow  roclc 
Or  the  wit«h-tree  on  the  knock. 
The  branehy  crested  flock 

Might  he  fc'en. 
Nor  will  they  stint  the  mensure 
or  their  rmlic  and  their  |ile«Bure 

And  tlieir  phiy, 
When  with  niry-fiKited  nnible 
At  tlieir  rreakixh  will  they  ramble 

O'er  the  brae, 
With  their  prancing  and  their  dancing. 
And  their  ramping  and  their  rtomning, 
And  their  splashing  and  their  wushing 

In  the  puols. 
Like  lovers  newly  wedded. 
Light-bt'arte<l,  giddy-headed 

Little  foob. 
No  thirst  have  they  beside 
The  mill-brook's  flowinij  tide 
And  the  pure  well's  lucid  pride 

Honey-sweet ; 
A  spring  of  lively  oheer. 
Sparkling  onol  and  clear. 
And  filtered  through  the  aund  ' 

At  their  feet : 
"Tis  n  life-restoring  flood 
To  repair  the  wasted  blood 
The  cheapest  nnd  the  best  in  nil  the  land ; 
And  vainly  gold  will  trj' 
For  the  Qaeeo's  own  lip6  to  buy 

Such  a  treat. 
From  the  rim  it  trickles  down 
Of  the  mountain's  granite  crown 

Clear  nnd  cool ; 
Keen  nnd  ea^er  though  it  go 
Thrnngh  your  veins  with  lively  flow, 
Yet  it  knuneth  nut  to  reign 
In  the  chambers  of  the  brain 

With  misrule ; 
Where  dark  water-cresses  grow 
You  will  trace  its  quiet  flow, 
With  tnossy  border  yellow. 
Bo  mild,  and  soft,  and  mellow, 

In  its  pouring. 
With  no  slimy  dregs  to  trouble 
The  brightness  or  its  bubble 
As  it  threads  its  silver  way 
From  the  granite  shoulders  grey 

Of  Ben  Domin. 
Then  down  thi;  sloping  sido 
It  will  slip  witli  glassy  slide 

Gently  welling. 
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Till  ii  gather  stn-ngth  to  leap. 
With  a  light  sod  foamy  gnet-p. 
To  the  oorrie  brmd  and  deep 

Proudly  rwelliiiK : 
Then  bendt  ftinid  the  Iwuldurs, 
'Nuatb  the  ahkilotr  or  the  shuulder* 

Of  the  Ik-n, 
Throagh  •  country  rough  and  >h»ggr, 
80  Jaggy  and  so  knaggy, 
Full  of  humnio<'kii  and  of  hniichea. 
Full  of  stum|i«  and  tufts  un<l  buoche*, 
Full  of  buidiee  and  of  nubes, 

In  the  glen, 
Throagh  rich  green  solitndes, 
And  wildly  hanging  WQods 
With  bloaram  and  with  bell. 
In  rich  rt.<dundHnt  swell. 

And  the  pride 
Of  the  mnuntuln  daisy  there, 
And  the  fnn-st  everywhere. 
With  the  drtwa  and  with  the  air 

Of  a  bride." 


As  a  whole,  Qaelic  litorataro  is  a  literature  wliich  is  likely  to  die, 
•8  it  has  lived,  without  going  largely  into  what  we  call  more  distino- 
|4ivelj  literature.     The  genuine  Highlander  still  sings.     He  does  not 
L-write.     An  admirable,  and  to  a  cortAin  extent  successful,  attempt  at 
[creating  a  prose  literature  was  made  by  Dr.  Norman  Maclcod,  father 
of  his  better-known  sou,  the  Queen's  favourite  clergyman,  in  the  early 
part   of  the   present   century.     Ho    publitihed   a   magazine   full    of 
graphic   sketches   of   Highland   life  and   character,   set   forth  with 
^  %  grace  and  seasoned   with  a  humour,  enough   to  give  a  classical 
position  to  any  writer.      But  admirable  as   Uiese   tracts  were,  and 
forming,  as  they  do  at  the  present  hour,  the  unequalled  model  of 
k^laasioai  Gaelic  prose,  the  reading  clomont  in  Highland  society  was  too 
weak  to  encourage  any  further  udvouturo  in  this  stylo.     It  is  in  vain 
to  write  for  a  people  who  either  do  not  read  at  all,  or  are  led  by 
irresistible  soducliou  to  seek  for  what  books  can  give  in  the  full- 
flowing  streams  of  English,  rather  than  in  the  thin  rivulets  of  Qaelic 
prose.     Next  to  sketches  of  character,  given  in  the  lively  style  of 

Eipular  dialogue,  the  staple  of  Macleod,  one  wonid  expect  from  the 
ighlandor,  being  as  he  is  notably  a  very  serious  and  religions 
peraon,  a  large  display  of  sermon  or  pulpit  literature;  but  here 
expectation  finds  itself  hugely  disappointed.  The  fervour  of  Celtic 
apoatloahip  is  well  known ;  and  the  very  numerous  adherence  of  the 
Fresbytorians  north  of  the  Grampians,  to  the  Free  Church,  whatever 
'  other  value  it  may  have,  is  certainly  a  remarkable  proof  of  the 
'effieioncy  and  the  popularity  of  the  clergy  in  those  parts ;  but  how- 
rar  fervid  in  pulpit  dumonvtration,  and  zealous  in  points  of  traditional 
orthodoxy,  the  trans-Grampian  Evangolista  may  be,  thoy  have  wisely 
eon  fined  their  ministrations  to  tho  electric  effect  of  the  living  word, 
end  not  endeavoured  to  gain  a  position  for  Gaelic  in  the  printed 
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oloqncnco  of  Ihe  pnlpit  which  few  could  appreciate  ami  everyb< 
could  spare.  Among  contemporary  attempts  to  use  Gaelic  fur 
currency  of  the  hour,  the  Gaelic  articles  in  that  sturdy  organ 
Radicalism  the  Iiiremeu  Highlander,  are  deserving  of  8])ccial  prni 
but  the  very  small  proportion  of  the  columns  of  that  journal  in  wL 
the  native  language  appears,  affords  the  most  satisfactory  proof  t 
the  great  maM  of  Highland  readers  prefer  the  Euglish  ton$^e,  i 
are  in  fact  for  the  most  part  unable  to  read  the  works  of  their  1 
poets,  by  whoso  names  they  arc  yet  pr(»ud  to  swear.  The  only  ot 
production  of  Gaelic  prose  that  seems  to  call  for  special  nientiot 
their  body  of  wise  saws  and  popular  apophlhopiis,  originally  collec 
by  an  Episcopal  clergyman  of  the  nunie  of  Macintosh,  who  lived 
the  early  part  of  the  present  century,  and  now  republished  with  la 
additions  and  valuable  comments  by  that  genial  and  accomplia 
Celt,  Sheriff  Nicolson,  of  Kirkcudbright. 

Should  I  be  expected  to  say,  in  conclusion,  what  is  the  prot 
state  and  future  prospects  of  the  Celtic  population  in  the  Highlai 
the  answer  may  bo  short,  but  sad.     Personally  I  am  one  of  those  \ 
like  to  see  Highlandors  in  the  Highlamls;  but  where  Nature,  i 
unnatural  landlords,  and  partial  laud  laws,  and  a  one-eyed  polit 
economy  divorced  from  all  moral  oonBtderatious  and  social  ties,  h 
now  for  more  than  a  century  conspired  to  drain  away  the  native  po 
lation  of  the  glons,  my  wishes  are  a  mere  breath  that  will  pass 
weighted  tscalos  innocuously,  and  leave  the  balance  where  it  was.   ( 
noble  Highlanders,  the  best-conditioned  peasantry  morally  and  pb; 
cally  in  Europe,  and  the  best  constituent  of  our  once  famous  ami 
that  knew  no  defeat,  have  been  lost  to  us,  I  fear,  for  ever,  by  1 
laws  which,  while   they   strengthened  by   artificial   enactments 
natural  strength  of  the  lords  of  the  soil,  left  the  mass  of  the  peopl 
the  mercy  of  pleasure-hunting  lords — not  solJom  absentees — and  on 
potent  factors  inflated  by  economical  crotchets  or  spurred  by  commer 
greed.    Laws  wore  made  and  maintained  with  jealous  severity  to  i 
serve  the  game ;  but  no  one  dreamt  of  preserving  the  people.      . 
consequence  has  been  that  the  pcojdo,  receiving  no  oncourageno 
from  their  natural  protectors,  wlio  rather  seemed  anxious  in  not  a 
cases  to  get  rid  of  people,  poachers,  and  poor  laws  at  a  stroke,  retres 
year  after  year  from  their  dear  old  homes,  which  wore  homes  now  o 
for  gjimekeepcrs  and  game,  and  Titanic  dealers  in  Highland  wool  i 
hill-mutton,  and  sought  for  higher  wages,  more  kindly  treatment,  i 
for  IcRS  healthy  moral  and  physical  surrouncUngs  iu  the  hot-beds  i 
back  slums  of  our  grcnt  manufacturing  towns.  In  those  circumstance 
is  in  vain  to  expect  that  the  Gaelic  language  and  the  Gaelic  literal 
should  be  at  present  in  a  very  vigorous  condition.  It  is  no  doubt  wond 
ful  to  observe  what  flashes  of  the  genuine  old  spirit  occasionally  sh 
forth  in  fervid  verse,  and   in  sagacious   prose ;   but  they  are  o: 
FLASHES,     Genuine  Celtic  sentiment,  and  loving  appreciation  of  Cel 
culture,  appear  only  in  a  few  exceptional  individuals ;  the  best  port  of  i 
])eople  have  left  the  country  in  despair ;  and  those  who  remain  behi 
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feeble,  dejected,  and  dispirited,  slaves  to  the  nrgont  necessities  of  the 
hour,  are  more  anxious  to  catch  greedily  at  any  bait  which  the  purse- 
proud  Saxon  may  fling  before  thom  tlian  to  retain  the  honourable 
heritage  of  manhood  and  self-relianoo  which  they  received  from  thoir 
siree.  With  the  great  mass  of  Highlanders,  I  fear,  patriotic  sentiment 
does  not  go  much  beyond  a  sentiment;  men  in  their  depressed  condition, 
in  fact,  cannot  afford  to  feed  on  the  Envour  of  old  traditions,  however 
ennobling ;  they  stand  face  to  face  with  the  hard  facts  of  a  world  that 
knows  nothing  about  Duncan  Ban,  and  to  whom  the  spirit-stirring 
strains  of  the  national  pipe  can  bo  lo<jked  on  only  as  an  iU-timed 
intermption  to  the  whirling  of  their  gigantic  wheels,  and  the  whirring 
of  their  moltitudinons  power-looms.  A  special  blow  of  discourage- 
ment has  recently  been  given  to  the  maintenance  of  a  genuine  Celtic 
spirit  in  the  Highlands  by  the  recent  Education  Act.  In  the  code 
of  the  Metropolitan  Board,  neither  Gaelic  poetry,  nor  Gaelic  music, 
nor  anything  with  a  distinctively  Highland  hue  and  Celtic  flavour, 
makes  its  appearance.  The  Socratio  principle  of  educating  by  draw- 
ing out  what  is  in  people,  rather  than  by  injecting  them  with  what  is 
foreign,  seems  utterly  unknown  to  those  who  in  London  are  entrusted 
with  the  important  function  of  teaching  the  young  mind  how  to  shoot 
in  the  world  benorth  of  the  Grampians.  But  red  tape  and  central- 
ization, however,  naturally  narrow  and  unsympathetic,  are  not  in  this 
CMC  altogether  to  blame.  It  is  the  indidoreuce  of  the  people  them- 
Bolves  that  lies  at  the  root  of  this  neglect  of  the  best  popular  culture 
for  a  Celtic  people  in  a  Celtic  country,  and  the  wholesale  adoption 
of  what  is  strange  and  artificial.  Much  of  the  best  soul  and  tho 
stoutest  brawn  of  tho  country  has,  wo  have  already  said,  been  driven 
by  partial  laws,  and  commercial  selfishness,  and  inconsiderate  pleasure- 
hunting,  into  a  voluntary  expatriation ;  while  the  few  that  remain, 
often  the  fet^bleet  and  most  spiritless,  must  be  content  to  look  up  to 
tb«r  Saxon  masters  to  feed  them  and  to  clothe  them,  rather  than  to 
their  Celtic  ancestors  to  inspire  them ;  and,  so  far  as  this  is  tho  case, 
there  is  small  hope  for  them.  Where  the  Celtic  soul,  by  an  unfortunate 
conspiracy  of  external  circumstances  and  selfish  agencies,  has  been 
pumped  out  of  them,  it  cannot  bo  the  business  of  the  School  Bouda  to 
pump  it  in  again.  Where  s]>arks  of  the  grand  old  fire  still  remain,  their 
only  rcstiuroo  Moms  to  be  that  they  should  form  voluntary  districtiuil 
•asooiations  for  tho  proservation  of  patriotic  culture  and  sentiment  and 
mnaic,  after  tho  oumplo  of  what  has  recently  been  dune  in  liogurt, 
BntberUnd,  by  that  most  intelligent  and  manly  Cult,  John  Mackay, 
BvaoMa.  No  small  people,  under  the  daUy  influence  of  strong  currents 
of  denationalising  electricity  from  a  people  on  a  higher  social  plat- 
fiiRB,  can  hope  to  rescue  its  individuality  without  a  mauly  duic^rmi- 
natiun  to  do  so.  Here  sklf-belp  is  tlio  only  help ;  and  union  under 
sorageoos  leaden  the  only  form  that  efhoient  help  can  assume. 

|j.  a  B.] 
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ANNUAL  MEETING, 
Monday,  Mny  2,  1881. 
WiLUAJi  BowvAX,  Esq.  LLJ).  F^.S.  Yioe-Prosident,  iu  the 

The  Annual  Report  of  the  Committee  of  YiBitora  for  t 
1880,  testifying  to  tho  continued  prosperity  and  efficient  matutgem 
of  the  Institution,  was  rood  and  adopted.     The  Real  and   Fom 
Property  now  ainonnts  to  above  85,400/.,  entirely  derivotl  from 
CuutributiouB  and  Donations  of  tho  Members. 

Forty-nine  new  Members  paid  their  Admission  Fees  in  1879|] 

Sixty-two  Lectnres  and  Nineteen  Friday  Evening  Discoa 
delivered  in  1880. 

Tho  Books  and  Pamphlets  presented  in  1879  amonntod  to  ah 
166  Tolimies,  making,  with  555  volmnes  (including  Periodicals  bon 
purchased  by  the  Managers,  a  total  of  721  volumes  added 
Library  in  the  year. 

Thanks  wore  voted  to  tho  President,  Treasorcr,  and  Socreti 
the  Cuminittccs  of  Managers  and  Visitors,  and  to  tho  Professo^ 
their  valuable  services  to  the  Institution  dnriug  the  past  year. 


Tho  following  Gentlemen  were  unanimously  elected  as  Offic 
for  the  ensuing  year : 

Pbbbisbnt — Tho  Doke  of  Northumberland,  D.C.L.  LL.D.      I 
Tkeabubeb— Georgo  Busk,  Ebij.  F.R.C.S.  F.R.S.  ^ 

SBOttKTAny— Warren  Do  La  Rue,  E8<i.  M.A.  D.C.L.  F.B.S.  ( 
Mem.  Inst.  France,  &c. 


Managers. 

George  Bcrklov,  Est).  M.I.C.E. 
WillinmBowniiiD,H'(i.LL.D.F.R.S.r.R.C.S. 
ThomM  Boycott,  M.l>.  F.L.S. 
Frederick  .lose|}h  Bmrawcll,  Ksq.  F.R.S. 
KdwMd  FrankliiiKi,  Eb.i.  D.C.L.  K.RS. 
CiwarHeiirvHawkiii>,Es(j.F.R.S.  K.K.C.S. 
Sir  Joseph  U.  Hookci',  K.C.S.I.  C.B.  D.C.L. 

K.K.S. 
William  Hnggiiu,  E»q.  D.C.L.  F.R.S. 
Willi.am  Wntkisi  Lloyd,  K»q. 
Sir  John  Lubbock, Bdrt.  M.P.  D.C.L.  F.R.S. 
Sir  Frederick  Pollock,  Bort.  MjL 
Henry  Pollock,  Esq. 
The  Lord  Arthur  Russell,  M.P. 
C.  Williiim  SiemonB,  Esq.  D.C.L.  F.R.S. 
William  Spottiswoodc,  Esq.  M.A.  D.C.L. 

Free.  R.S. 


YlSITOBS.  J 

The  Lord  Bmbiuoo.  I 

George  B.  Buckton,  Esq.  F.R.S.  F.ti 

Stpjflicn  Bu^k.  Esq. 

Henry  Herbert  Steiihen  Croft,  Esq.  Id 

Thointu  Anijlrus  De  Ln  Rue,  E«q.  B.A. 

Jnmes  N.  Douglnss,  Esq. 

Alexnoder  Joha   Ellis,  Esq.  B_A.  F.,' 

F.R.S. 
Right  Hon.  The  I»rd  Clauii  RimiltoD 
UoLiert  -lames  Miinn,  M.D.  F.R.C.S. 
Williiira  Henry  Michael,  Esq.  Q.C. 
Hugo  W.  Miiller,  Esq.  I'h.D.  F.R.S. 
Sir  Thomas  Prcroft,  M.A.  K.C.S.L 
Lnchlnn  Mackintosh  Rate,  Esq. 
The  Hon.  Rollo  Russell,  F.M.3. 
Edward  Woods,  Esq.  M.LC.E. 
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WEEKLY  EVEXING  MEETING, 

Tridoy,  May  6,  1881. 

Willi AV  Wateiss  Lloyd,  Esq.  Manager,  in  the  Cliair. 

Ths  Ho.«f.  Gbobog  C.  BsoDaicK,  M.A.  B.C.L. 

WAson  or  xutom  ontuai,  oxtoed. 
The  Land  Syitems  of  Emjland  and  of  Ireland. 

1  BAVJi  nnJertakon  to  address  yon   to-night  on  the  land-syntoms  of 
England  and  of  Ireland,  that  is,  on  the  diatinctiro  and  tyjticul  features 
which  characterise  them  among  the  land  systems  of  the  world.     Such 
a  stndy  is  especially  interesting  at  the  present  moment,  when  radical 
changes  in  the  Irish  land  system  are  actually  under  the  considerution 
of  Parliament,  and  the  English  laud-system  itself  may  bo  said  to  bo 
on  its  trial.     Bnt  the  mlcs  of  tliis  Institution  do  not  ]X!miit  mo  to 
discuss  English  or  Irish  land  questions  in  the  political  or  controversial 
sense.     We  are  mainly  e-oucM^med  to-night  with  the  past  and  present 
aspects  of  the  English  and  Irish  land  systems ;  the  futnre  dovelup- 
munt  (if  those  land  systems  rests  with  the  Legislature,  and  the  mem- 
bers of  this  Institution  have  little  reason  to  envy  their  responsibility. 
I.  Tlie  land  systems  of  England  and  of  Ireland  have  a  common 
liistiirical    origin.      Iklodom   researches   have   shown    that   in    Ixith 
countries  the  eorlicst  form   of   agrarian  constitution   was   a   tribal 
settlement,  or  village  cwmmnnity,  roprcsontiug  a  clan  or  group  of 
kindred  families.     It  is  needless  hero  to  dwell  upon  tlic  peculiar  and 
minute  rules  which  governed  the  division  and  cultivation  of  land  in 
this  primitivo  society,  which   aro  still  preserved  in  the  so-oallod 
*'  Brenon  Laws "  of  Ireland.     What  is  important  t«)  note  is  that  it 
left   no   room    for   that   threefold  division  of  burdens  and   profita 
between  landlords,  tenant-farmers,  and  farm-labourers,  which  is  tliu 
special  mark  of  the  English  rural  economy.     Every  freeman   was,  in 
theory,  his  own  landlord,  his  own  farmer,  and  his  own  Inbonror,  and, 
cxcopt  serfs  or  slaves,  there  were  very  few  persons  who  did  not  form 
iiiombors  of  the  landed  democracy,  as  it  might  be  pr<i|icrly  callutl. 
Hut  the  landowni^  of  that  day  were  not  |R'asaut  proprietors,  for 
though  co«h  was  entitled  to  a  lot  of  his  own,  hu  could  not  )h)  sure  of 
holding  the  stme  pieoe  of  ground  two  yoftrs  together ;  and  thoro  wars 
fuw,  if  any,  sopftnle  enolosoros  for  cattle.     By  slow  degrees,  lioworor, 
the  prinolple  of  iadiTidnal  ownership  Maorteil  itself.     The  chief,  or 
strongest  member,  of  s  clan  wonid   obtain  largor  allotuieuta  than 
others,  and  at  last  get  them  8cvcn«l  fn<m  the  oommoD  AeMs  ;  at  the 
SMBO  time  he  would  claim  the  lion's  sbaro  of  the  waste,  and  at  lout 
nrao  to  troftt  it  as  his  own  property,  only  subject  to  riglils  of 
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pasturage  and  tnrf-cntting.  Meanwhile,  other  canaes  were  at  woi 
to  undermine  the  lauded  democracy,  and  traneform  it  into  a  lande 
aristocracy,  under  which  the  village  community  became  the  mano 
the  greater  freeholders  became  tenauts,  and  the  lesser  frceholde 
flank  into  the  class  of  villeins  or  mere  labourers.  We  must  not  stc 
to  investignte  the  stops  by  which  this  remarkuble  transition  wi 
effected.  Suffice  it  to  say,  that  it  seems  to  have  been  complete! 
effected  in  mr>st  parts  of  England  Itofurc  the  Norman  Conquest,  an 
had  been  partially,  if  not  completely,  effected  in  Ireland,  when 
passed  under  the  rule  of  Henry  II.  a  century  later. 

During  the  5Iiddlo  Ages,  the  land  systems  of  both  coantries  wei 
profoundly  modified  by  the  introtluution  of  feudal  tenures.  Not  tbi 
feudal  tenures,  with  all  their  well-known  incidents,  were  substitute 
all  at  once  for  the  old  national  customs  by  a  single  act  of  tl 
sovereign  power.  Even  in  England  more  than  a  century  elaps* 
before  feudalism  was  fully  established,  and  even  then  it  was  subje 
to  important  exceptions  in  Kent  and  elsewhere.  As  for  Ireland,  tl 
greater  part  of  the  island  remained  outside  the  dominion  of  Englii 
law  until  tlie  reign  of  Henry  VIII.  For  some  little  time  after  ll 
ComiucKt,  an  attempt  was  made  to  extend  tlie  new  institutioii| 
judicial  assizes  over  the  whole  country,  and  Magna  Chartn  was  pr 
claimed  there  as  promptly  as  if  Ireloiid  Lad  already  foniied  part 
an  United  Kingdom.  But.  iu  fact,  both  English  law  and  ElnglL 
authority  were  confined  within  the  boundaries  of  a  few  counti< 
thence  called  the  English  Palo.  These  counties  at  last  dwiudh 
down  to  four,  and  oven  hero  the  old  Irish  customs  of  land  tenure, 
well  OH  the  old  Irish  manners,  had  encroached  more  and  more  up< 
English  customs  and  land  tenures.  The  King  of  England  was  n 
king,  bnt  only  "  Lord,"  of  Irehiud  ;  but  one  English  army  (und 
Richard  II.)  crossed  the  Irish  Channel  iu  the  course  of  three  or  fo' 
contnries  ;  and  wo  know,  from  the  works  of  Edmund  Spenser  ai 
Sir  John  Davies,  that  all  the  strange  anomalies  of  tribal  ownersh 
survived  in  vast  tracts  of  Ireland  up  to  the  end  of  Elizabeth's  reig 
and  the  beginning  of  James  I.'e  reign. 

Still,  the  feudal  system  is  the  real  basis  of  the  English  and  Iiii 
land  laws,  aa  they  exist  at  this  moment.  I  must  assume  that  n 
audience  is  sufficiently  acquainted  with  the  broad  outlines  of  th 
system,  which  ceaKed  to  govern  the  whole  structure  of  society  afb 
the  Reformation,  hut  which  continued  to  regulate  the  land  tenures  i 
niofit  European  countries  until  after  the  French  Revolution.  ] 
England,  it  is  true,  it  was  otherwise.  "  Feudal  tenures,"  in  the  strii 
legal  sense,  were  abolished  hero  in  the  rcij^  of  Charles  II.,  bu 
perhaps  for  that  very  reason,  the  principles  and  rules  of  feudal  la 
escaped  rovisiou  here,  when  they  wore  swept  away  elsewhere,  an 
have  left  an  indelible  stamp  on  the  distinctive  features  of  the  Angh 
Irish  land-system. 

II.  ThcBo  features  ore  five  in  number  : — (1)  The  law  and  custoi 
of  Primogeniture,   governing   the  descent  and  ownership  of  laik 
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(2)  The  peculiar  nature  of  family  settlomonts,  which  convert  the 
nominal  owner  of  land  into  a  tenant  fur  life,  with  very  limited  ]K)n'ers 
orer  the  estate.  (3)  The  consequent  distribution  of  lani1o<l  property 
among  a  comparatiyely  small  and  constantly  decreasing  number 
of  families.  (4)  The  direction  of  cultivation  by  a  class  of  tonont- 
fannere,  usually  holding  from  your  to  year  without  the  security  of  a 
lease.  And  (5)  the  dcjicndcut  condition  of  the  agricultural  labourers, 
who  are  mostly  hired  by  the  day  or  the  week,  and  have  seldom  any 
interest  in  the  soil.  It  is  the  combination  of  these  features  which 
makes  tlie  rural  economy  of  England  so  entirely  unique,  nnlike  that 
of  any  other  European  country,  and  still  more  unlike  that  of  the 
United  States  or  our  own  colonics.  They  are  often  represented  as 
the  spontaneous  grovt^th  of  our  national  character  and  history,  cotipled 
with  the  pocaliarities  of  our  soil  and  climate.  I  think  I  shall  b« 
able  to  show  that  such  is  not  the  fact — that,  in  reality,  they  aro 
mainly  the  result  of  artitioiol  causes,  and  that  it  is  quite  within  the 
province  and  the  jKiwor  of  law  to  remodol^-of  course  gradually — 
the  land  systems  of  Eugland  and  of  Ireland. 

1.  Let  us  first  glance  at  the  institution  of  Primogeniture.  The 
right  of  the  eldest  son  to  inherit  all  the  land,  in  case  of  intestacy, 
was  not  recognised  by  Roman  law,  or  by  any  of  the  primitive  codes 
known  to  us,  such  us  those  of  the  ancient  Hindoos,  the  ancient 
Germans,  the  Irish,  or  the  Anglo-Saxon.  The  Saxon  rule  of  descent, 
as  is  well  known,  was  that  of  gavelkind,  or  equal  division  ;  nor  was 
it  superseded  by  the  Nnmian  rule  of  Primogeniture  until  about  the 
year  1200.  It  has  often  been  observed  that  under  a  charter  of 
Henry  I.,  which  seems  to  have  coutiuuod  in  force  only  five  years,  the 
eldest  son  did  not  succec<l  to  all  his  father's  land,  but  only  to  his 
"  princi|ial  fee,"  or  the  chief  of  several  estates.  A  very  similar  rule 
still  prevails  in  the  Channel  Islands,  whidi  are  virtually  a  fragment 
of  that  Normandy  from  which  ?]ngland  was  conquered.  This  was,  in 
fact,  the  old  Norman  law,  and  it  was  only  for  military  reasons  that 
William  the  Coniiucror  and  his  sucoessors  ado]itcd  the  strict  and 
abNolutc  law  of  Primogeniture  which  has  now  beou  firmly  established 
in  Eugland  for  nearly  seven  oonlurieo.  After  a  careful  study  of  the 
inbjoct,  I  aiu  couviuu4.><l  that  it  is  this  law  of  Frimogeuituru  which  has 
prodooed  and  kept  alivu  the  custom,  and  that  it  is  not  the  custom 
which  has  perpetuatol  the  law.  Before  the  law  was  intnxluced  in 
England,  there  is  no  reason  to  believe  that  any  general  custom  of 
Primogeniture  existed  in  English  families.  Aftor  the  law  was  swept 
away  in  America,  an  equal  partition  of  land  iH'oaaio  the  almost  nni- 
venial  custom,  altliough  American  tcstatiirs  enjoy  ulmiwt  the  samo 
liberty  of  making  wills  that  is  allowed  in  England.  Moreover,  in 
the  case  of  personal  imiperty,  where  the  law  is  dill'orcnt  in  England, 
the  custom  is  also  different,  and  hardly  any  one  thinks  of  accumulating 
all  his  personalty  on  one  son.  Nor  mnMt  wo  «u{i]h>8o  that  liecauiie  the 
law  seluom  openites  directly,  it  ,lma  not  a  very  wiile  and  powerful 
operation  indirectly.     When  a  man  makes  a  will,  or  SL'ttlemont,  ho 
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knows  Tcry  well,  or  if  lio  does  not  his  B<jlicitor  tulls  him,  that  all  bi 
Iftnd  would  naturally  gi)  by  Inw  to  liis  eldest  sou,  and  this  knowledge 
tmnsmittod  fruin  one  gonerntiuu  to  another  for  seven  hundred  yean 
iTfutes  a  sentiment  or  prejudice  in  fnvour  of  Primogeniture  whig 
nothing  but  a  reversal  of  the  law  will  offuctually  counteract.  No  don 
there  is  much  to  be  said  for,  as  well  as  agiviost,  Primogeuitnro ; 
for  our  present  purpose  the  important  fact  is  that  Primogenitu 
founded  on  liiw  and  consecrated  by  cofitom,  is  the  chief  ooruer-«ti 
of  the  English  land  system. 

2.  But  the  custom  of  Primogenitaro  is  far  more  stringent  than  tt 
law.     When  land  descends  to  an  eldest  son,  on  intestacy,  it  belong 
to  him  absolutely,  and  ho  is  froe  to  deal  with  it  as  he  pleitsus.     Oi 
the  other  hand,  w-hon  it  oomos  to  him  under  a  will  or  a  sottlomeut,  i 
nsnalty  comes  to  him  for  life  only,  and  must  afterwards  go  to  hi 
eldest  Bun,  whether  he  pleases  or  not.     This  is  the  consi^nenco  o 
certain  legal  refinements  devised  in  the  seventeenth  century,  whorcb; 
it  is  ]K)Bsiblo  for  a  groudfuthcr  to  ordain  bcforuhuiul  thiit  his  eldea 
grandson,  as  yet  unborn,  and  who  may  turn  out  the  most  worthlo' 
or  the  most  excni]ilary  of  mankind,  shall  inherit  a  piirticular  est 
making  his  sun  only  a  lifo  tenant  or  "limited  owner."     Under 
older  outnUs  of  tlio  Middlo  Ages  this  was  impossible,  and  tboa 
similar  powers  of  tying  up  laud  wore  acquired  by  the  l.-uidctl  aria 
crocy  in  the  fonrteontli  nnd  liftocnth  centuries,  moans  were  found 
defeat  tlicm,  bo  that  in  the  sixteenth  and  first  half  of  the  soventcentl 
centuries  tlio  ownership  of  laud  was  far  more  free  than  it  now  : 
At  present,  t!io  great  mass  of  land  in  this  country  is  under  setti 
mcnt,  and  land  under  settlement  is  land  which  has  not,  and  perhfl 
never  may   Imvc,  a   real   owner.     The  apparent  owner  of  a  grcii 
family  estate  is  nothing  hut  a  trustee,  and  though  of  Into  somcthiuf 
lias  been  done  to  give  him  moro  liberty  of  action,  ho  is  liami>ercd  al 
every  turn  by  the  iioce8.sity  of  obtaining  consents  from  a  number  o; 
different  parlies,  or  pcrliajis  from  the  Court  of  Chancery.     SupjxifiC 
all  tljcRO  consents  to  be  obtained,  ho  may  doubtless  improve  or  even 
sell  the  projierly ;  Init  what  motivo  has  be  to  do  so,  when  he  cannot 
reap  the  fruit  of  the  improveraonts  or  become  master  of  tho  purcluise- 
moncy  ?      Indeed,  tho  evils  of  limited  ownership  ore  so  obvinus, 
CBpccinlly  from  an  economical  point  of  view,  that  no  one  would  venture 
to  defend  it,  but  that  it  is  supposed  to  keep  old   family  properties 
from  being  broken  up.     But  then  tho  (luostion  arises  whether  this  is 
altogether  an  advantage.     Tho  character  of  tho  English  gentry  and 
aristocracy  was  formed  before  limited  ownership  was  known,  and 
when  estates  descended  from  father  to  sou  either  in  fee  simple,  or 
under  tho  old  rule  of  entail,  which  allowed  of  their  being  instantly 
converted  into  fee  simple  estates.     In  those  days,  family  properties 
were  placed  under  tho  guardiacsliip,  not  of  conveyancers,  but  of  tho 
families  tliemet^lves,  and  tho  nation  was  content  that  if  they  caine 
into    tho    possession   of  degenerato   heirs  thoy   should   bo  sold  and 
purchased  by  wurtkier  competitors.     Even  now  such  cases  occur. 
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whero  a  family  property  is  mined  by  one  or  two  spendthrift  limited 
owners  in  guocession.  Experience  amply  showR  that,  in  such  eases, 
it  generally  changes  hands  for  the  better,  notwithstanding  the  loss  of 
ancestral  connection.  The  now  purchaser  may  be  comparatively 
ignorant  nf  country  life,  but  he  is  not  encumbered  by  rent-charges  of 
indt'Buite  duration,  by  mortgages  contracted  to  pay  off  his  father's 
debts,  by  dynastic  traditions  of  estate-management,  by  the  silly 
family  x>rido  which  must  needs  emulate  the  state  of  some  richer 
predecessor,  by  the  passion  for  political  dictation  to  which  the  refusal 
of  loaeea  is  so  frequently  due,  or  by  the  supposed  necessity  of  satis- 
fying the  supposed  expectations  of  the  neighbourhood.  He  can 
prorido  for  his  widow  and  younger  children  by  selling  off  portions  of 
the  property,  if  he  pleases,  instead  of  charging  the  estate,  and  in  tho 
meantime  he  can  dovclupe  tlio  resources  of  tho  ]>roperty,  without 
feeling  that  ho  is  cither  compromising  or  unjustly  enriching  an 
ddest  son.  These  advantages  make  themselves  fult  even  when  the 
tiew  purchaser  i^  surrounded  with  grt»t  settled  estates  and  influenced 
by  tho  example  of  their  possessors.  But  they  miglit  bo  expected  to 
make  themselves  far  more  conspicuously  felt  if  all  landowners 
enjoyed  the  same  freedom  of  disposition. 

3.  Tho  inevitable  tendency  of  a  land  system  thus  founded  on 
Primogeniture,  and  guarded  by  family  settlements,  is  to  prevent  tho 
dispersion  of  land,  and  to  promote  its  concentration  in  a  few  hands. 
'Settled  estates  seldom  come  into  the  market,  and,  when  thoy  do,  tho 
BioDcy  has  generally  to  bo  reinvested  in  laud ;  but  there  is  nothing 
to  prevent  a  rich  life-tenant  from  increasing  the  size  of  his  projicrty, 
ftud  this  is  constantly  happening.  A  very  large  number  of  farm- 
bouses  in  England  are  really  ancient  manor  houses,  formerly  tho 
tosidoDco  of  st^uires  and  yeomen,  whose  little  freeholds  have  been 
gradnally  absorbed  into  Uic  princely  territories  of  the  landed  aris- 
tocracy, and  whose  descendants  are  settled  in  the  neighbouring  towns. 
Of  course,  we  must  not  forget  tho  opposite  movement,  or  counter- 
migration  of  rctirud  trades{i«opIe  into  the  country ;  but  they  seldom 
take  root  tliero ;  Uiey  do  not  look  upon  their  villas  as  liumes,  they 
count  for  nothing  in  a  county,  and  their  children  are  usually  re- 
absorbed into  the  town  population. 

UjMiu  the  whole,  it  iiinr  be  stated  with  certainty  that  the  number 
of  agricultural  landowners  in  England  was  never  so  small,  as  tho 
]>«ipulHticin  woH  never  so  large,  as  it  now  is.  It  would  appear  from 
DoMK'Mlay  ItiHik  that  in  tlie  reign  of  Williitm  the  Couqacror  the  soil 
of  England  was  dividcnl  among  about  170,<100  landowners,  including 
than  l()0,ii(H)  villeins,  as  well  as  above  r>0,000  froeholdera. 
is  no  dinx-t  niodu  of  estimating  tho  nunil><>r  of  landowners 
lictwcM'ti  tliat  age  and  our  own,  but  there  is  a  vast  l>o<Iy  of  indirect 
evidence  {M>iutiug  to  tlie  conclusion  tb.at  in  the  reign  of  ElixaU-th,  for 
in»tanoe,  {M<tty  squire*,  yeomen,  and  small  fredioldcrs  oc<-npii>d  a 
much  Inrgi T  H])aoe  iu  tliu  cummmiily  than  they  do  at  pn'oeut.  Ev<'ii 
aiuce  the  cuuipilutioli  of  the  '  New  Domesday  Duok,'  iu  187(3,  thvro  is 
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MftX  difficulty  in  aaocrtaining  the  exact  actnol  namber  of  Ungl 
undownen ;  bat,  after  devoting  mncb  attention  to  the  subject,  with  I 
able  aflcdstanoe  of  Mr.  John  BAteman,  I  have  arrived  at  an  appro 
mate  reenlt  I  belioro  that,  excluding  the  holders  of  less  than  c 
acre,  there  are  now  abont  150,000  landowners  in  England  and  Wal 
while  about  2250  persons  own  together  nearly  half  the  enclosed  la 
in  England  and  Wales.  Considering  that  England  and  Wales  n 
contain  a  population  of  more  than  20,000,000,  and  did  not  oonti 
above  2,000,000  in  the  reign  of  William  the  Conqueror,  the  proporti 
of  landowners  to  population  is  now  less  than  onc-tonth  of  what 
then  was,  and,  what  is  still  more  striking,  nearly  half  of  all  the  la 
belongs  to  a  mere  fraction — abont  1^  per  cent. — of  all  the  existi 
landowners,  even  excluding  those  below  one  acre. 

It  would  be  Buperfliions  to  point  out  the  political  danger  involv 
in  this  distribution  of  landed  property,  which  contrasts  most  strong 
with  that  which  exists  in  foreign  countries.  For  instance,  in  Fnui> 
before  the  lose  of  Alsace  and  Lorraine,  there  were  about  5,000,0 
proprietors  owning  about  7^  acres  each,  on  the  average ;  abc 
600,000  proprietors  owning  75  acres  each,  on  the  average  ;  and  abc 
50,000  proprietors  ovraiiig  750  acres  each,  on  the  average. 
Wurtemberg,  there  are  some  280,000  peasant  owners,  with  less  th 
five  acres  each,  and  about  160,000  proprietors  of  estates  above  t 
acres.  No  doubt,  this  extreme  eulxlivision  is,  to  a  groat  extent,  t 
result  of  the  Code  Napoleon,  under  which  at  the  death  of  a  propriel 
all  his  land  is  divided  equally  amoug  his  children,  except  ouo  cbili 
portion,  which  is  left  at  his  own  disposal.  On  the  other  himd,  t 
extreme  aggregation  of  land  in  England  is  no  lees  the  result,  and  t 
foreseen  result,  of  Primogeniture  and  settlement.  It  is  not  mere 
that,  under  the  law  of  Primogeniture,  a  great  estate  which  may  ha 
been  formed  out  of  many  small  estates  goes  to  one  child,  instead 
being  Bubtliviilod  among  several ;  nor  is  it  only  that  settlomoi 
prevent  family  estates  from  being  diminished,  while  they  do  n 
prevent  them  being  increased.  It  is  also  that  Primogeniture  ai 
family  settlements  have  created  a  landed  aristocracy  under  the  co 
shallow  of  which  a  true  yeomanry,  like  the  old  English,  conn 
flourish.  It  is  too  much  to  say  that  the  old  yeomen  have  be< 
cruihed  out  by  powerful  neighbours.  Many  have  sold  their  pati 
monies  because  they  were  in  debt,  or  because  they  found  that  I 
getting  a  fancy  price  from  some  great  nobleman  or  millionaire  th» 
could  improve  their  incomes  and  the  expectations  of  their  familie 
But  it  is  still  more  delusive  to  regard  the  disappearance  of  the  ol 
English  yeomanry  as  the  result  of  natural  causes  beyond  the  contn 
of  law.  When  it  is  said  that  land  in  this  country  has  now  becoo: 
the  luxury  of  the  rich,  and  that  a  poor  man  would  bo  very  foolish  1 
retain  a  few  hmulrcd  acres  when  ho  could  make  a  profit  by  sellin 
tliom,  it  is  forgotten  that  in  Northern  France,  Belgium,  Holland,  an 
cluewhere,  land  fetches  ft  higher  price  than  in  England,  but  that  smal 
proprietors  do  not  die  out ;  on  the  contrary,  that  they  arc  the  highcG 
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bidders  in  tbo  land-markut.  We  mnst,  thoroforo,  look  beyond  the 
fancy  price  of  land  for  the  explanation  of  the  fact  that  in  England 
the  body  of  landowners  is  getting  smaller  and  smaller.  The  ex- 
planation is  not  far  to  seek.  The  vast  preponderance  of  great 
landowners  has  loft  the  yeoman  class  no  place  in  connty  goTornmont 
or  county  society.  As  one  yeoman  vanishes  after  another,  those  who 
survive,  feeling  themselves  more  and  more  isolated,  and  missing  the 
neighbourly  fellowship  of  past  generations,  are  drawn  insensibly  into 
country  towns,  until  at  last  the  rural  population  of  English  counties 
may  be  said  to  consist  of  three  elements,  and  throe  only,  landlords, 
tenant-farmers,  and  labourers. 

4.  This  leads  us  to  consider  the  fourth  distinctive  feature  of  the 
English  land  system — the  direction  of  cultivation  by  a  class  of  tenanb- 
£annerB  usually  holding  from  year  to  year,  without  the  security  of  a 
lease.  For  the  great  bulk  of  the  land  in  these  islands,  as  is  well 
known,  is  cultivated,  not  by  the  o«vners,but  by  this  intermediate  class, 
numbering  between  500,000  and  600,000  farmers  in  Great  Britain, 
who  hold  on  the  average  56  acres  each.  It  is  not  thus  in  other  coun- 
tries, especially  in  the  most  civilised.  There,  on  the  contrary,  the 
great  bulk  of  the  land  is  cultivated  by  the  owners  themselves,  most  of 
whom  may  be  classod  with  our  agricultural  labourers  rather  than  with 
our  touaut-farmers,  but  form  a  real  peasantry  of  a  class  well  nigh 
extinct  in  Enghind.  For  it  was  not  always  thus  in  Eugland  itself. 
Lord  Macaulay  believes  the  small  froeholders,  whom  ho  estimates  at 
160,000,  to  have  greatly  ontinimberod  the  tenant-farmers  in  the  reign 
of  Charles  11.,  and  there  is  good  reason  to  believe  that  English  farms 
wore  commonly  hold  under  lease  until  the  period  of  the  French  war 
at  the  end  of  tlio  last  century.  The  history  of  yearly  tenancy  is 
difficult  to  trace,  but  it  is  certain  that  it  was  very  much  eooouraged 
by  the  long  continuance  of"  war  prices"  which  made  landlords  reej 
unwilling  to  part  with  the  imniediato  control  of  their  properties,  and 
by  tlicir  desire  to  maintain  political  iufluonco  over  their  tenants.  The 
late  agricultural  depression  bos  oporstod  in  the  same  direction,  inclin- 
ing landlords  to  keep  farms  at  their  disposal  until  rents  improve,  and 
inclining  tenants  to  rely  on  the  forbearance  of  landlords  under 
yearly  tenancy,  rather  than  "  hang  a  loose  round  their  necks,"  as  they 
■ay.  On  the  other  hand,  the  want  of  security  incident  to  a  mero 
yearly  tenancy,  and  esjKKjially  the  want  of  security  for  a  farmer's 
improvements,  have  been  very  much  felt  and  discussed  of  late.  Un- 
happily, it  has  not  led  to  a  revival  of  looses,  but  to  ottempts  tu  lM>l8tor 
np  the  unstoblo  system  of  yearly  t«nonoy.  One  of  those  attempts  was 
embodied  in  the  Agricultural  Holdings  Act  of  1875,  to  extend  which 
is  the  object  of  two  Dills  intrn<liiccd  this  year.  Such  moMuroii  luay  bo 
deacribod  as  handing  to  establish  a  national  system  of  tcuant-right, 
and  this  would  certainly  be  a  gront  advance  on  mero  yearly  ttiuoiicy, 
but  it  would  he  o  Tory  poor  substitute  for  Icasos,  and  no  subetituto  ot 
all  fur  owtiorship. 

6.  We  DOW  come  to  the  flAh  distinctiro  frnturo  of  the  Englixh  land 
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systom — tlio  dopoudcnt  condition  of  the  agricaltural  Ubonror.    Do) 
tbe  Middlu  Ages,  Euglisb  Libxarors,  whether  freemen  or  serfs, 
•Inrnys  boon  essentinlly  p«a«ant$,  that  is,  occupiers  of  land  which  t 
ciiltiTatod  in  spare  hours  for  their  own  bonclit,  and  from  which  i 
cuuld  not  be  displaoed,  so  long  as  they  rendered  certain  castog 
services  or  paid  their  rent.     With  the  growth  of  the  commel 
spirit,  the  siipprossion  of  monasteries,  the  general  rise  of  prices, 
tliu  progress   of  enclr«arc,  a  new  era  set  in,  and  the  poor-lal 
Klizubcth  finally  tmn^furmcd  tbe  old  English  peasant  into  the  mo ' 
English  agricultaral  labourer,  who  lives  on  weekly  wages,  never  i 
laud,  and  seldom  hulds  any  boyoud  a  small  garden  or  ullotmont,  Id 
iiig  u]Hm  the  workhouse  as  his  iiatural  refuge  in  old  age.     ProL 
lie  is  blotter  housed  and  clothed  than  his  mcdimvul  ancestor,  thong 
is  doubtful  whether  he  is  bettor  fed,  if  we  take  into  uccnuut  the  < 
bibiut  price  of  meat  in  these  days.     But  he  is  certainly  lees  in 
]K.indoDt,  and,  notwithstanding  the  spread  of  education,  ho  must  still 
raukod  below  a  groat  part  of  the  continental  peasantry — not  to  spe 
of  Americau  farmers — in  tlie  scale  of  civilisation. 

III.  Let  us  now  consider  huw  far  these  distiuctivo  fctttnres  of 
English  land  system  apply  to  Ireland. 

1,2.  Of  course,  the  law  of  succession  to  land  and  tho  prootio^ 
family  settlements  are  the  same  iu  both  couutries,  though  Primogt 
ture  was  not  established  in  the  Celtic  parts  of  Ireland  until  after 
great  confiscations  of  the  sixteenth  and  scvoutoonth  centuries.  ~~ 
now,  it  is  not  so  deeply  rwited  in  Irish  as  iu  Englisli  popular 
mcut.  The  yeomen  niid  small  proinictors  who  still  survive  in  son 
English  counties  generally  "  make  olilist  sons,"  but  Irish  tcnao 
fivrtuers,  who  have  long  been  wont  to  deal  with  their  farms  as  if  th< 
were  their  own,  often  leave  them  by  will  to  their  widows,  and  usual 
miiko  a  liberal  provision  out  of  thorn  for  younger  sons  and  daughter 

8.  But,  however  this  may  bo,  the  landowning  class,  under  tl 
oponitiou  tif  Primngcuitnre  and  entail,  has  boconio  even  smaller  i 
Iri'lsmd  than  in  England — snialler,  not  only  absolutely,  but  relative!; 
Speaking  broodly,   wo  may   sny  that  all   Ireland  is  divided  amon 
about  20.000  iiro]irietor8,  and  that  by  far  tbe  greater  part  is  owned  b 
about  10,000  proprinturs,  of  whom  most  are  Protestant  and  of  Englis 
descent,  wliilo  many  of  tho  liirgcsit  are  absoutoes.     Tliis  contrast  bo 
IweovL  20,000  or  10,000  owners  and  more  than  half  a  million  occn 
piers,  must  never  bo  furgotten  in  a  survey  of  Irisih  rural  economy.    I 
is   of  course  ptirtly  tho  result  of  conquest  and  confiscation — groa 
tracts  of  land  liiiviug  boon  allottoil  to  any  stddier  or  adventurer  wil 
ling  to  settle  in  tlio  country.     It  partly  arises  also  from  tlio  want  o: 
triulo  and   manufneturt's  iu  Ireland,   which    reduces  tlio  nnml)or  Oi 
people  able  and  willing  to  purcliaso  land,  for  tho  purpose  of  improving 
their  social  position.     But  there  can  be  no  doubt  that  it  niittuly  arises 
from  the  operation  of  Priinogenitnro  and  entail,  keeping  the  owner- 
ship of  Irish  hind   iu  tho  hauJH  of  nicu  uuconiiectod  with   Irclivud, 
many  of  wlumi,  if  free  trade  iu  laud  had  been  eBtablishod,  would  have 
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Bold  tboir  estates  long  ago  to  tbo  occupving  tenauta.  This  has  actu- 
ally been  done  under  the  Irish  Church  Act,  and  to  a  less  extent  under 
the  Irish  Land  Act  of  1870,  which  have  added  about  5000  to  the 
number  of  small  Irish  proprietors.  Probably  more  occupiers  would 
have  availed  themselves  of  the  facilities  granted  by  these  Acts,  if  they 
had  not  been  taught  by  agitators  that,  by  waiting  a  little  whUo,  they 
would  get  the  land  for  nothing. 

4.  But  the  greatest  distinction  between  the  Irish  and  English  land 
system  is  in  the  reliitiuu  between  landlord  and  tenant, — partly  iu  the 
laws  which  regulate  it,  but  mainly  iu  the  customs  and  idiias  which 
influence  it.  Let  us  briefly  notice  some  of  the  circumstances  which 
liavo  brought  about  this  great  dilTerenee  in  customs  and  ideas. 

The  greater  {>urt  of  Ireland  never  ado]itcd  feudal  institutions  as  a 
whole,  and,  where  they  were  ad<ipted,  the  feudiil  lord  was  not  the 
friend  and  protector  of  his  tenant,  as  in  England,  but  was  constiiutly 
regarded  as  an  alien  intruder.  Again,  though  the  feudal  law  of 
landlord  and  tenant  was  ultimately  estubliijhcd  in  Ireland,  it  was 
more  favourable  to  the  landlord  and  less  favourable  to  the  tenant, 
thou  in  England.  Nevertheless,  fur  two  centuries  and  a  half  after 
the  English  poor-law  was  established,  there  was  no  ]Mtor-law  ia 
Ireland,  so  that  small  tenants  naturally  held  on  to  the  laud  for  bore 
life,  having  no  other  means  of  subsistence. 

Meanwhile  the  rcsjicct  for  property,  that  is,  for  the  landlord's 
rights,  as  distinct  from  the  tenant's,  was  very  much  weakened  by  the 
differences  of  religion,  and  by  the  demoralising  effect  uf  the  {tonal 
laws.  It  was  further  weakened  by  the  fact  that  so  many  Irish  huid- 
lords  entirely  neglected  their  duties,  and  left  all  iiiipruvemonts, 
including  the  erection  of  farm-buildings,  to  be  ezocuU'd  by  their 
tenants,  while  they  contented  themselves  with  receiving  their  rents. 
Of  course,  tho  case  was  oggnivato<l  where  the  landlonl,  as  often 
happened,  was  an  absentee.  No  liberality  on  the  part  of  an  agent 
fun  supply  the  want  of  that  kindly  intercourse  between  tlu-  hall  and 
tiie  cottage,  which  binds  classes  together  in  an  English  village,  but 
of  which  Irish  farmers  and  labourers  have  little  cx[)erienco.  No 
Wooder  that  Irish  tenants  should  thus  grow  up  iu  tho  belief  that  tho 
■oQ  was  theirs,  and  the  rent  only  the  landlord's. 

Wo  cannot  do  justice  to  tho  agrarian  movement  in  Ireland,  or 
sciato  tho  deeper  causes  to  which  it  owes  its  origin,    without 

EDg  ooiwItm  iu  tho  position  of  a  representative  Irish  tenant 
o  the  Act  of  1870,  and  striving  to  interpret  tho  feelings  which 
IUi<i«rlay  his  fierce  hatred  of  landlordism,  a  hatred  which  oven  tlio 
romMliiU  legislation  of  that  year  has  failed  to  appoaae.  Wo  sball 
aftt^-nvoixla  be  tu  better  able  to  appreciate  tho  still  more  awaeplBg 
rtifonus  which  ar«  now  in  contemplation. 

Tho  representative  Irish  tenant  is  not  a  capitalist  farmer  at  all, 
in  Uw  Euglioh  sense,  but  rather  a  ootta^^  holding  lomii  fifttxm  or 
Iwuuty  acres  of  laud,  including  soreral  acres  of  rtingh  pastoiBge  for 
tbo  oowa,  of  which  the  {HMirost  Irish  family  gonorally  maoagosto  kinip 
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one  or  two,  with  yery  butnblo  pretension  to  breed,  yet  freqa 
yieldiog  a  large  supply  of  milk.     Ho  was  bom  ui)oa  the  land 
no  cnltivatca,  if  not  in  the  cabin  which  ho  inhabits.     Someti 
little  farm  lies  compactly  round  its  steading ;  moro  often  it  is 
about  iu  irregular  patches,  or  stretches  in  a  long  narrow  strip 
hillside  down  towards  a  stream  or  marshy  bottom.    It  is 
farmer  himself,  with  the  aid  of  his  son  or  nephews,  and 
of  an  obliging  neighbour,  but  in  most  cases,  without  reoon 
labour.     Perhaps  his  ancestors,  in  far-off  times,  were  entered  o: 
sept-roll  as  possessors  of  tliis  very  plot,  which  has  boen  tenan 
since  by  his  family,  though  repeated  confiscations  may  haye 
the  memory  of  its  superior  lords  before  the  last  century,  and  ii 
purchaser  may  have  ociinirud  it  under  a  sale  in  the  Enc 
Estates  Court.    Perhaps  it  was  painfully  won  from   the  adji 
waste  by  his  father  or  liimsolf,  either  in  the  capacity  of  a 
squatter,  or  under  a  verbal  arrangement  with  the  agent  that  iMj 
should  bo  exacted  for  a  certain  number  of  years.     Howeyer  thil 
bo,  and  whether  its  present  occupant  inheriteil  it  or  rechiimod 
his  own  industry,  oil  that  has  mado  it  a  home  for  him  was  creati 
himself  or  his  kindred,  nor  is  it  possible  for  him  to  regard  it  » 
solo  property  of  a  etranger.      Every  piece  of  stonework  np< 
from  the  rude  homestead  to  the  meanest  shed  or  byre,  was  erect) 
himself  or  his  forefothcrs,  every  fence  or  enclosure  was  made  by 
every  field  oloared  and  roughly  drained  by  them,  nor 
visible  sign  of  proprietorship  other  than  his  own,  unless 
occasional  presence  of  nn  ogeut  who  is  chiefly  known 
collector  of  rout.     His  rent  is  not  higli,  it  is  true,  being  little  a1 
the  Government  valuation,  and  far  less  than  some  insolvent  and  n 
loss  neighbour  vvouM  undoi'titke  to  pay  if  the  farm  were  put  np 
competition.     His  lundlurd,  too,  is  a  kind-heartod  man,  in  his  v 
never  niising  a  tt'tiant'a  rent  twice  in  one  lifetime,  and  willing 
maku  abatements  iu  hard  seasons,  but  seldom  rcsidcut,  and  cul 
from  his  sympathy  by  the  iron  harriers  of  race  and  religion.     ' 
genial  influence  of  a  good  English  squire,  who  devotes  himseb 
county  business,  takes  an  interest  in  the  parish  school,  directs 
own  improvements,  and  visits  his  labourers'  cottages,  is  somethinj 
which  ho  cannot  even  conceive.     No  one  ever  tlireatcncd  him  v 
eviction,  or  informed  him  directly  that  iu  such  a  case  he  must 
look  for  componsatiim.     The  idea  of  eviction  and  its  consequcn< 
however,  is  always  present  to  his  mind.     Ho  romembyrs  tliat,  ai 
the  groat  famine,  scores  of  little  cabins  disappeared  from  the  moi 
tain-side  opposite,  and  that  nothing  wiis  ever  heard  again  of  th 
former   inmates.     It  lias   been  reported   to  him    that   in   the   u< 
county  vast   grazing-farms   Lave  been  furracd  out  of  holdings  li 
his  own,  and  that  the  experiment  has  been  fitiauciitllj  successful.    ] 
rend  only  the  other  day  a  paragraph  in  the  newspapers  advertisi 
for  sale  just  such  an  estate  as  his  landlord's,  and  describing  it 
gi-catly  under-rented  and  suitable  for  pastnro.     Ho  is  aworo,  indet 
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that  here  and  there  a  good  landlord  compelled  to  part  with  a  portion 
of  hia  property,  has  granted  leases  beforehand  to  old  tenants,  and 
thereby  protecte<l  their  eqnitahle  rights  against  the  purchaser.  But 
he  believes  such  magnanimity  to  be  very  rare,  and  dares  not  count 
upon  it  himself,  especially  as  he  is  told  that  since  tenant-right  has 
oome  to  moan  downright  confiscation,  proprietors  must  get  their 
eetatoe  bo  far  as  possible  into  their  own  hawls.  He  lives,  therefore, 
from  hand  to  month,  as  his  fathers  lived  before  him,  tilling  no  more 
land  than  ho  can  till  with  one  horse  and  without  machinery,  never 
lajring  ont  a  penny  that  he  can  help,  studiously  keeping  up  the 
appearance  of  poverty,  and  hoarding  the  little  profits  of  his  scanty 
crops  and  butter  in  an  old  stocking,  till  he  can  lodge  them  clandes- 
tinely in  a  bank,  not  too  near,  for  the  marriage  portions  of  his 
daughters.  It  is  vain  to  assure  him  that  he  may  safely  rely  on  the 
honour  of  on  individual  who  may  die  to-morrow,  or  sell  to  a  Dublin 
■peculator,  or  be  driven  into  a  system  of  rack-renting  by  the  pressure 
of  his  creditors.  Why,  he  asks,  should  not  the  law  secure  to  me  an 
indefeasible  right  of  possession,  so  long  as  I  pay  a  fair  rent,  if  this  is 
what  I  may  fairly  expect  from  my  landlord's  sense  of  justice  ?  Why 
■hould  I  be  left  absolutely  at  bis  mercy,  and  my  children  at  the 
morcj  of  those  who  may  succeed  him,  if  it  be  admitted  that  it  would 
be  an  abase  of  power  to  confiscate  my  improvments,  or  oven  to 
disturb  my  occupancy  ?  • 

Such  was  the  actual  position  of  a  ropresentativo  Irish  tenant 
bafim  the  Act  of  1870,  and  such,  in  spite  of  the  Act,  is  still  the 
MSfMieiU  of  a  repreeentativo  Irish  tenant.  For  while  the  Act  placed 
a  heavy  penalty  on  "  disturbance,"  it  laid  no  effectual  restriction  on 
the  increase  of  rent.  Moreover,  as  we  arc  reminded,  in  the  report  of 
Lord  Bessborongh's  Commission,  "  what  the  aggrieved  tenant  wants, 
in  nearly  all  cases,  is  not  to  be  oomponsatod  for  the  loss  of  his  farm, 
but  to  be  continued  in  its  occupancy  at  a  fair  rent." 

6.  The  case  of  the  Irish  labourer  has  received  lom  attention  than 
it  deaarres.  He  is  somewhat  roughly  defined,  in  the  Report  of  Lord 
Botsborough'a  (Commission,  as  "  a  farmer  who  is  without  a  farm." 
In  other  words,  there  is  hardly  each  a  thing  in  Ireland  as  an 
indepeodent  class  of  agricultural  labourers.  Most  of  those  so 
described  in  the  Gensns  are  small  fanners  working  in  Bjtaro  honra,  or 
sons  of  tenant-farmers,  or  porhajm  men  who  have  boon  turned  ont  of 
farms  for  non-{iaymeut  of  rent.  In  the  west  of  Ireland,  however,  and 
espooially  in  Connanght,  tluTC  are  thousands  of  cottier  tenants  living 
on  patches  of  land  incapable  of  Bup]x>rting  a  family,  oven  if  they  were 
bold  rent-free,  who  eke  ont  a  livelihood  by  going  over  to  England  or 
Scotland  for  harvest,  and  returning  with  their  wages,  on  which  they 
mainly  subsist  dorinff  the  winter.  The  misory  of  these  poor  creatures 
who  returned  empty-handed  after  the  bad  harvests  of  1878  and  1879, 
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only  to  find  tJioir  own  potato  crops  destroyed  by  tho  blight, 
among  the  main  cnnflcs  of  tho  Into  ngrarinn  ngitatinn  in  Ircliuid.  ' 
loodorg  of  the  Laml  League  seized  ongbrly  n{)on  it,  and  the  cmi 
against  rent,  first  preached  in  tho  wilds  of  Gonnemara,  rapidly  spi 
over  all  Ireland. 

In  picturing  to  ourselves  the  lot  of  these  cottiers  it  is  materia 
obecrve  that,  as  the  poor-law  is  more  strictly  administered  ia 
luud,  they  do  not  enjoy  the  same  privilege  of  ^'cceiving  outdoor  re 
as  in  most  English  counties.  Now,  although  a  "  liberal  "  systeix 
out<loor  relief  is  a  very  doubtful  btnin  to  lobourers,  since  it  tendfi 
pau])ori80  them  and  reduce  tho  mto  of  wages,  the  refusal  of  oatd 
relief  is  specially  hard  to  bear  whore  regular  wages  are  not  alwayi 
bo  procured.  The  old  English  poor-low  was  virtually  a  compel 
tion  for  those  changes  which  Imd  depressed  the  English  peasant 
the  Middle  Ages  into  a  mere  day-labourer.  But  for  tlio  poor-1 
socialistic  ideas  would  have  propagated  themselves  long  ago  in 
rural  districts  of  England;  nud  in  Irohiud,  where  poor  law  roliei 
only  given  to  oblo-lxxlied  men  in  tho  workhouse,  such  idcos  h; 
actually  propagated  theinBelvcs  with  fearful  rapidity.  For  I 
evicted  cottier  in  IrolnTid  CAn  seldom  find  work  in  tomis ;  bis  oi 
resource,  excejit  the  wnrklioiigo,  is  emigration — which  ho  consid 
banishment — to  England  or  the  Unite<l  States. 

IV.  Wc  have  now  passed  in  review,  however  briefly,  tho  distinct 
and  typical  features  of  the  English  and  Irish  land  systems.  I  hi 
soiil  that  we  are  not  specially  concerned  with  their  future  doveli 
ment,  but  I  ciinnot  forbear  to  add  a  few  words  on  tho  conditic 
which  must  govern  it,  and  tho  general  ooorso  which  it  may 
expected  to  follow. 

Speaking  first  of  England,  I  desire  to  express  my  earnest  w 
viction  that  no  rofoniis  of  tho  English  land  system  are  likely  to 
permanent  or  beneficial  wliich  are  not  in  harmony  with  tho  orgai 
and  apparcirtly  indcstructiblo   elements  of  our  nnttonal  charact 
Tho  new  rural  economy  of  England  must,  above  nil,  l>o  es-scntial 
and  thoroughly  English.    It  cannot  be  niodellod  upon  that  of  Frani 
or  Germany,  or  Russia,  or  Switzerland,  or  Italy,  or  Belgium,  or  t 
United  States.     On  the  other  hand,  wo  must  beware,  once  more, 
imagining  that  all  the  distinctive  features  of  tho  English  land  systc 
luuHt  needs  bo  the  spontaneous  growth  of  the  national  character  ai 
history.     We  Icnow,  on  the  contrary,  that  in  Saxon  times  the  agi-arit 
constitution  of  Englond  was  essentially  democratic ;  that  in  Norma 
times  ecclcriastics  mther  than  barons  wore  tho  pioneers  of  agricultun 
improvement,  ami  the  models  of  territorial  bcnovolcnco;  that  in  tl 
England  of  Elizabeth,  and  for  two  centuries  after  the  Reformatioi 
tho  lesser  gentry  and  yeomanry  were  tho  bono  and  sinew  of  th 
lauded  interest ;  that  tlio  depetident  condition  of  English  labourer 
dates  from  the  poor-law,  and  that  of  Enj^ligh  farmers  from  a  fa 
irioro  recent  period ;  that,  in  fact,  the  English  land  system  is  not  ai 
indigenous  product  of  the  soil,  but  an  artificial  creation  of  feuda 
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lawTore,  matured  hj  tticir  Bnooosaora  in  tho  evil  days  after  the 
Bcetorotion,  largely  niodifie<l  by  such  toniporary  cnascs  as  tho  high 
prices  cnrrent  during  the  Great  War,  and  afterwards  Htrcngtlionod  by 
a  constant  flow  of  population  towards  great  towns,  partly  consequent 
on  the  operation  of  the  Inud  system  itsflf. 

I  will  not  conceal  my  belief  that,  before  another  generation  has 
elapsed,  the  law  of  Primogeniture  will  have  been  abolished,  that  tho 
power  of  entail  will  have  been  largely  restricted,  that  by  tlicso  means 
and  by  simpler  methods  of  laud  transfer  laud  will  come  to  be  divided 
among  a  larger  number  of  owners,  that,  by  degrees,  more  landlords 
will  farm  their  own  land,  and  more  farmers  will  own  the  land  which 
they  cultivate,  that  leases  will  more  and  more  bo  substituted  for 
yearly  tenancy,  and  that  labourers,  no  longer  divorced  from  the  soil, 
but  enabled  to  rise  by  industry  into  the  class  of  farmers,  will  regain 
tho  self-respect  and  providonoo  which  are  the  special  virtues  of  a  true 
peasniitry. 

I  will  venture  to  read  yon  a  passage  in  which  I  endeavoured,  a 
few  years  ago,  to  group  together  some  of  the  effects  likely  to  result 
from  such  a  movement,  and  especially  from  tho  extension  of  the 
territorial  aristocracy.* 

"  We  may  rest  assured  that  no  sudden  or  startling  change  would 
be  wrought  by  so  ramlcrate  a  reform  of  the  land  system  in  the  charac- 
teristic features  of  English  country  life.  There  would  still  be  a  sfiuiro 
occupying  the  great  house  in  most  of  our  villages,  and  this  squire 
would  generally  be  tho  eldest  son  of  the  last  squire,  though  ho  wonid 
sometimes  be  a  younger  son  of  superior  merit  or  capacity,  and  some- 
tiroes  a  wealthy  and  enterprising  purchaser  from  the  manufacturing 
districts.  Only  here  and  there  would  a  noble  park  be  dcserteil  or 
neglected  for  want  of  means  to  keep  it  up  and  want  of  resolution  to 
part  with  it ;  but  it  is  not  impossible  that  deer  might  often  be  replaced 
by  equally  picturefxiuo  herds  of  cattle;  that  landscape  gardening 
and  ornamental  building  might  bo  carried  on  with  lees  contempt  for 
expense ;  that  hunting  and  shooting  might  be  reduood  within  tho 
limits  which  satisfied  our  sporting  forefathers ;  that  some  country 
gentlemen  would  be  compello<l  to  contract  their  speculations  on  tho 
turf,  and  that  others  would  have  less  to  spare  for  yachting  or  for 
amusement  at  Continental  watering-places.  Indeed,  it  would  not  b« 
surprising  if  greater  simplicity  of  manners,  and  less  oxclusive  notioui 
of  thoir  own  dignity,  should  come  to  prevail  even  among  the  higher 
Landed  gentry,  leading  to  a  revival  of  that  free  and  kindly  social 
interoonrsa  which  made  rural  neighbourhoods  what  they  were  in  the 
olden  times.  The  peculiar  agricultural  system  of  Enghud  might 
remain,  with  its  threefold  division  of  labour,  between  the  landlord 
charged  with  the  public  duties  attaching  to  property,  the  farmer  con- 
tributing most  of  tho  capital  and  all  tho  skill,  and  the  labourer 
relieved  by  the  assoxance  of  continuous  wages  from  all  risks  eseepi 
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that  of  illness.  But  tbo  luudlunis  woalJ  be  a  largor  bodj,  contAuiiii 
fowor  grandees  and  more  practical  agriculturists,  living  at  tbei 
country  homos  all  the  year  round,  and  putting  their  savings  into  lan< 
instead  of  wasting  them  in  tho  social  competition  of  the  metropolii 
The  majority  of  them  would  still  be  eldest  sons,  many  of  whom,  ho« 
over,  would  have  learned  to  work  hard  till  middle  life  for  the  sappoi 
of  their  families;  and  besides  those  there  would  bo  not  a  few  yoonge 
sons  who  had  retired  to  pass  the  evening  of  their  days  on  little  pre 
perties  near  tho  place  of  their  birth,  cither  left  them  by  will  or  bough 
out  of  their  own  acquisitions.  With  those  would  be  numbered  o^e 
elements  in  far  larger  measure  and  greater  variety  than  at  present— 
wealthy  capitalists  eager  to  enter  the  ranks  of  the  landed  gentry 
merchants,  traders,  and  professional  men  content  with  a  country  vill; 
and  a  hundred  freehold  acres  around  it ;  yeomen  formers,  who  had  pur 
chased  the  fee  simple  of  their  holJings  from  embamtssed  landlordc 
and  even  labourers  who  had  worked  their  way  upwards  and  seizei 
favourable  chances  of  Invosting  iu  laud.  Under  such  conditions,  it  i 
not  too  much  to  expect  that  some  links,  now  missing,  between  rid 
and  poor,  gentle  and  simple,  might  be  supplied  in  country  districts 
that  "  plain  living  and  high  thinking  "  might  again  find  a  home  il 
some  of  our  ancient  manor  houses,  once  tho  abode  of  landowners,  bn' 
now  tenanted  by  mere  occupiers ;  that  with  less  of  dependence  and 
Bubordinatiun  to  a  dominant  will,  thoro  would  be  more  of  true  neigh' 
hourly  foeling,  and  even  of  clanship ;  and  that  posterity,  reaping  tht 
happy  fruits  of  greater  social  equality,  would  ninrvel,  and  not  withon: 
cause,  how  tho  main  obstacle  to  greater  social  equality — the  law  anc 
custom  of  Primogeuiture — escaped  revision  for  more  than  two  centariei 
after  tho  final  abolition  of  feudal  tenures." 

V.  Let  us  lastly  tuni  our  eyes,  once  more,  to  the  Irish  land  system 
if  that  can  be  called  a  land  system,  which  is  a  patchwork  of  antiqui 
customs  and  modem  enactments,  plastered  one  upon  another,  with  littlt 
regard  to  consistency  or  symmetry.  It  is  not  my  purpose  to  criticis< 
the  policy  of  tho  new  Irish  Laud  Bill ;  il  may  or  may  not  be  a  necessary 
Boquol  to  tho  Act  of  1870 ;  it  may  bo  framed  in  a  spirit  of  justice,  or  il 
may  have  boon  dictated  by  political  expediency.  With  all  this  we  have 
nothing  to  do.  What  mainly  concerns  us  ie  its  self-evident  tendency  to 
establish  a  new  form  of  double  ownership,  or  agrarian  pattnership 
between  landlord  and  tenant.  We  sometimes  hear  the  groat  reforms 
carried  out  by  Stein  and  Hardenberg  in  Prussia  cited  as  a  precedent 
for  such  legislation.  Exactly  the  reverse  is  the  fact.  Tho  reforms  of 
Stein  and  Hardenberg  were  directed,  and  successfully  directed,  to  sub- 
etitute  unity  of  ownership  for  double  ownership — to  give  the  peasant 
the  greater  part  of  his  former  holding  as  his  own  absolute  property, 
relieved  of  all  vexatious  services  ;  and  to  compensate  the  landlord  for 
tho  loss  of  thoBO  services  by  a  fixed  allotmeut  of  land  or  by  a  fixed 
rent.  In  other  words,  these  reforms  substituted  proprietorship  for 
landlordism  and  tenancy,  but  left  freedom  of  contract  untonche<l.  The 
reforms  now  proposed  for  Ireland  assume  tbo  maintenance  of  tho 
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relation  between  landlord  and  tenant,  but  plnco  tho  regalation  of  it  in 
the  bauds  of  a  Court,  and  virtnallj  abolisb  freedom  of  contract-  Tbere 
is  no  rashness  in  predicting  that,  nndor  snch  circumstances,  the  rela- 
tion will  bo  found  iutolcrabto,  and  that  in  tho  end  the  same  result 
at  which  Stein  and  Ilardonberg  delil)crfttoly  aimed  will  bo  proiliico<l  by 
the  very  opposite  process.  Either  by  the  aid  of  facilities  provided  in 
tho  Bill  itself,  or  by  private  agreements,  Irish  landlords  will  part 
with  their  estates  in  largo  numbers,  and  Irish  tenants  will  bo  tho 
nominal  purchasers.  Whether,  having  purchased,  they  will  cultivate 
tho  land  themselves,  or  convert  themselves  into  squireens,  whether 
they  will  keep  out  of  tho  hands  of  money-lenders,  and  whether  money- 
lenders may  not  become  the  worst  of  landlords,  and  whether  those  who 
chance  to  bo  without  land  just  now  will  tamely  acquiesce  in  their 
exclusion  from  tho  privileged  casto  of  irremovable  tenants— these 
ore  questions  into  which  I  must  not  wander.  What  is  certain  is 
that,  come  what  may,  the  experiment  of  peasant  ownership  or 
farmer  ownership  will  bo  tried  in  Ireland  as  it  has  novor  been  tried 
before. 

It  may  be  said,  with  too  much  reason,  that  Irish  tenants  as  a  class 
have  ncTor  yet  exliibited  the  far-sighted  industry  which  has  bocomo 
traditional  and  hereditary  among  French  or  Belgian  peasants,  and  upon 
which  peasant  ownership  in  France  or  Belgium  de])endB  for  its  success. 
It  may  bo  said,  on  tho  other  hand,  that  Irish  tenants  are  already 
their  own  masters  for  most  purposes,  and  that  the  civilising  influence 
of  oonntry  gentlemen  with  their  families  is  already  little  felt  in  the 
sreat  majority  of  Irish  parishes.  The  transition  from  landlordism  to 
^rmcr  proprietorship  would,  therefore,  be  far  gentler,  and  attciide<l 
by  much  less  of  social  change,  in  Ireland  than  in  England.  Nor  must 
it  be  forgotten  that  French  peasants,  as  described  by  Arthur  Young  a 
bnudred  years  ago,  did  not  differ  widely  from  smuU  Irish  farmers  in 
the  present  day.  The  "  magic  of  property  "  has  assuredly  worked 
mitmoleg  in  making  them  what  they  now  are,  and  tho  magic  of  pro- 
perty is  likely  tu  bo  more  potent  in  Ireland  than  in  Franco,  bocauso  it 
would  place  the  now  proprietor  entirely  above  the  influence  of  thoso 
Agitators  who  now  trade  upon  his  wrongs,  real  or  imaginary,  and 
would  give  him  a  direct  interest  in  the  maintonanco  of  law  and 
order. 

And  thna  it  may  como  to  pass  that  under  the  operation  of  different 
cansea — some  of  them  natural  and  some  artificial,  some  in  thcmselvcB 
pernicious,  and  some  beneficent — tho  Irish  laud  8y8tcni  may  grnvitato 
in  the  some  direction  as  tho  English  land  system,  and  assunio  n  nioro 
democratic  osftcct.  Cousidoring  the  history  and  national  character  of 
Uio  Irish  people,  we  are  nut  warrauttNl  in  forvcasting  with  oonfidonoo 
the  result  of  snch  a  development.  Tho  utmost  that  we  can  aflirm  is 
that  it  aflbrda  a  better  prospect  of  a  st4kblee«|uilibriuni  in  Ireland  than 
the  modem  English  form  of  rural  oeonomy.  There  is  a  line  Hunge 
in  Edmund  Spenser's  '  View  of  Ireland,'  written  in  the  roignoi  Qneon 
Elisabeth,  whore  be  sappneoe  one  of  two  frionda  to  raggeet  TarioM 
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mnedies  for  the  improTcmcnt  of  Ireland,  ftnd  pata  into  the  month 
the  other  the  following  reply  : — 

"  Marry,  so  there  have  been  divers  good  plota  Revised,  and  m 
coansels  cast  already  abont  reformation  of  that  realm ;  but  tb 
say  it  ia  the  fatal  destiny  of  that  land,  that  no  pnrpoees,  whataoe^ 
are  meant  for  her  good,  will  prosper  or  take  good  effect ;  whi 
whether  it  proceed  from  the  very  genins  of  the  soil,  or  inflnenoe  of  ( 
•tars,  or  that  Almighty  God  hath  not  yet  appointed  the  time  of  t 
reformation,  or  that  Ho  reservcth  her  in  this  unquiet  state  still  1 
some  secret  sconrge  which  shall  by  her  oome  into  England,  it  is  ha 
to  bo  known  but  yet  much  to  bo  feared." 

It  would  bedifBonlt  to  express  in  language  more  pathetic  orappi 
priato  the  anxieties  and  misgiyings  which  still  oppress  the  most  hoj 
fal  minds  in  legislating  for  Ireland,  after  the  lapse  of  three  hundi 
years.  But  despair  can  havo  no  place  in  the  cnimsels  of  statesmi 
It  cannot  be  that  Ireland  is  eternally  doomed  either  by  the  genius 
her  soil,  or  by  the  iufluonco  of  the  stars,  or  by  the  decrees  of  an  i 
exorable  Providence,  to  brood  helplessly  over  her  ancient  wrongs, 
unprofitable  and  irreconcilable  member  of  the  European  fami 
There  must  surely  be  a  happier  and  better  future  reserved  for  her  1 
in  the  fulness  of  time,  and  this  future  may  be  expected  to  date  frc 
the  day  on  which  Parliament  shall  accomplish, — not  a  provisional  a 
one-sided  adjustment,  but  a  comprehenBive,  just,  and  pennant 
settlement, — of  the  Irish  land  system. 
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GENERAL  MONTHLY  MEETING, 

Monday,  May  9,  1881. 
GiOBOK  BuBK,  Esq.  F.B.S.  Treasurer  and  Vice-President,  in  the  Olu 

The    foUowing    Yioe-Presidonts    for    the    ensuing    year 

announced : 

William  Bowman,  Esq.  F.R.S. 

Frederick  Joseph  Bramwell,  Esq.  F.E.8. 

Sir  W.  Frederick  Pollock,  Bart.  M.A. 

William  Spottiswoode,  Esq.  D.C.L.  Pros,  E.S. 

George  Busk,  Esq.  F.B.S.  Treasurer, 

Warren  De  La  Eue,  Es<i.  M.A.  D.C.L.  F.B.S.  Secretary. 


Frederick  Arthur  Crisp,  Esq. 

Ernest  Gyc,  Esq. 

Samuel  Armstrong  Lane,  Esq.  F.R.C.8. 

were  elected  Members  of  the  Royal  Institution. 
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John  Ttxdall,  Esq.  D.O.L.  LL.D.  FJl.S. 
WM  re-elocted  Professor  of  Natural  Philoeopliy. 

The  Prrsbnts  received  since  tlie  last  Meeting  wore  laid  on  tlio 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 


I 

I 


I 


FBOM 

The  S«erelnrf  of  Stale  for  India — SynopaU  of  tbe  Great  Trigonometrical  Surrer 
of  India.    VoU.  VII.  VIU.  and  IX.    4to.    Dohra  Dun,  1878-9. 

AeeaiUpua  dti  Lituti,  Reale,  Aoma— Atli,  Serio  Tcna :  Trancunti :   Tome  V. 

FaM.  9,  10.    Ito.     1881. 
AgHeuUtrai  Society,  £oy'i<— Journal,  Second  Series,  Vol.  XVII.  Part  1.    8to. 

1881. 
AnUqwiritt,  Society  o/— Proceedings,  Vol.  Vin.  No.  4.    8to.    1880. 
Anatic  Society  of  ^smoI— 1881.  Prooec>dia<ni.  Vo.  2.     8ro. 
A^atie  8tti9tf),  £oyal— Journal,  Vol.  XIII.  Part  2.    8to.     1881. 
Atlnmomieat  Boeitty,  A^o^Montbly  Nntioca,  Vol.  XLI.  No.  5.      8to.     1881. 
Ambn*  /M(il«i(<— Journal,  Vol.  II.  Parts  4,  5.    8to.    1881. 
JSetaijiM  AoademU  det  Seimeet,  ie. : — 

Mcmoim  Courouaet,  Tome  XXXIX.  Purtio  2.    Tomes  XLH.  XLIIL    4to, 
187a-«0. 

Tomes  XXIX.  XXX.  XXXII.    8to.    1880-1. 

Table*.  1816-78.    2  Porta.     18.'>8  and  1879. 

BuUetioi,  2*  Serie,  Tomes  XLVL-L.    8to.    1879-80. 

Annoairea.    1879-81.    IGto. 
Blacku,  rTotmcft  1.  Slwui,  F.RM.E.  (the  ilu/W)— Gaelic  Sociotiet,  Highland 
Depopulation,  and  Land  Law  Reform.    (K  104)    8vo.     188U. 

Tbe  Jewub  Sabbath  and  the  Cbristtsn  Lord's  Day.    (K  lOt)    8ro.    1880. 
BriUAArt*aecilt,IiouallHtlit>aeof—PKxei»iin(n,\S^-\.    No.  16.    4to. 
CkuKMdf  PhUoiophfeal  SooMy— Traosactioas,  Vol.  XIII.  P4irt  1.    4to.     I83I. 

PnoMMlinga,  Vol.  ni.  Parts  7.  8 :  Vol.  IV.  Part  L    8ro.    1881. 
OksMiaalfisoMty— Journal  for  April,  1881.    8to. 

CM  MiurimmV  IrwdYu/ion— Minutea  of  Proceedings,  Vol.  LXIIL    8to.    1881. 
Oobdat  (Mmb  CommiHes.— 

A.  Moogredion— Free  Trade  and  EngUth  Commeroe.    16to.     1881. 
OHtp,  Framk,  Eta.  '  ~   '  " 

llierosoopieal  I 
OooilHM, 

Water  Sapplj,  1880-1.    4to. 
Sd&on — American  Jourual  of  Science  fur  April,  18S1.    8to. 

Analjrst  for  April,  1881.     8to. 

AthssuBum  for  April.  1881.    4to. 

Cbemioal  Mows  for  April,  1881.    4to. 

Eacinaer  Cor  April,  1881.    fol. 

Hflfoiogieal  Journal  for  April,  1881.    8to. 

Ironlbr  April,  1881.    4to. 

NatOI*  for  April,  1881.    4to.  , 

Barve  Scientiflque  and  Rerae  Politique  et  Lftt^mire,  April,  1881.    4to. 

TelagnpUic  Juunul  for  Aiiril,  1881.    8to, 
^VvaWte  /iisfe'tals-Joaroal.  Na  664.    8to.    1881. 
GMfrraUool  SoeUty,  £oya{— Proeeedinga,  New  Seriet.     Vol  lU.  Na  4.     8to. 

IMom,  BetMmii  tU  Owyr^-Doletim  :  i-  8eri^  No.  3.    Sto.    1881. 

iii»(Aor)— Cbiiroh  Palrooag*  and  Cbui«h 


Mgreoion — irree  iraae  ana  r.Dgusn  uommeroe.    loio.     issi. 
"raiJt,  Eta.  LL.B.  F.L^.  de.  M.R.T.  (the  £ii7or)— Journal  of  the  Boral 
aoMSopioal  Society,  Series  II.  Vol.  I.  Part  2.    8to.     1881. 
W.  Odlinf,  W.  and  C.  ileymoU  Tidy  (the  ilu<kori)— Beports  OQ  Londoa 


DiM^ipline.    (K 104)    8va    1881. 
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MmAetUf  OttHotleol  OwMy— Tranaactlons,  Vol.  XVL  Ftuti  4,  5.    8fo.    188! 
McCnA,  John,  M.D.  (tlt»  JaMor)— Grand  Toun  in  Many  lands.    A  Poem.   16 

1881. 
Mtdieal  and  Ckirurjical  SocUty,  Royal— Proceedings,  Vol  IX.  No.  1 .    Svo.    18 
Mtttoralogieal  SoeiMy — Qnutorly  Joamal,  No.  37  ;  and  History  of  the  Society, 

O.  J.  Syinoii&    Sra    1881. 
PharmaenUeal  Soeitly  of  Qrtat  Britain — Jonmal,  April.  1881.    8to. 
Pkolevrenkfc  AwMy— Joornal,  Now  Berive,  Vol.  V.  No.  7.    6to.     1881. 
PrauiltAe  Madanie  der  iru*enwiAa/((n— MonaUberirbto :  Deo.  1880.    8Ta 
Bowl  Sc'cietii  0/  KdiHlmrgh—Tnaaaoaom,  Vol.  XXIX.  FUl  3.    4to.     1879-A 

i'rootioding*.  Vol.  X.  No.  105,  dro.    8to.     1879-80. 
Bcyal  Soeietp  of  London— Ptooeeding»,  ifo.  211.    8to.    1881. 
fit  PtUnhomg,  Aeadmle  dm  &Mnc«»— BuUotina,  Tome  XXVH  No.  2.    4 

1881. 
St.  Petehburo  Central  Phytieal  Ohtermlory  {through  Dr.  IT.  Wild,   Director) 

H.   Wild.     Die   Tempcratar-Verlj'altniwo   dea    Rnsaischen   Rticbee. — Si 

plomentband  lum  Bepertoriom  fiir  Meteorologie:  iweite  Halite  oebst  Atl 

4to.  and  fol.     1881. 
Biemeiu,  C.   William,  Etq.  D.C.L.  F.SJS.  M.li.T.  (the  Author}— The   Vjnan 

Electric  Current  and  Ourtain  Meana  to  improve  its  Steadiness.   (Phil.  Tik 

1880).    4to. 
Gw  and  Electricitv  as  Heating  Agents.    (E  104)    8ro.    1881. 
StatuUeal  Socicfu— Journal,  Vol.  XUV.  Part  1.    8vo.     1881. 
ISumoiu,  0.  J. — Monthly  Muteorolngiool  Magaxine,  April,  1881.    Sto. 
Telegraph  Enoineert,  Society  o/— Journal.  Part  35.    Svo.     1880. 
Vnivertity  College,  XoiMfon— Calen< tar  for  IS81.     12mo.     1881. 
United  SitUee  Ooad  Bvmey — Methods  and  Besnlts  of  Meteorological  Beseucli 

Part  2.    4to.     1880. 
Victoria  In^HiUe— Journal,  No.  57.    Svo.     1881. 

Zodotjiad  Society  of  London— Transactiong.  Vol.  XI.  Parte  8,  4.    4to.    1881. 
Proceedings  in  1880.    Port  4.    8to.    1881. 
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WEEKLY  EVENING  MEETING, 
Friday,  May  13,  1881. 

Fbkdemok  Joseph  Bbamwbll,  Esq.  F.E.8.  Vico-Prosident,  in  the 

Chair. 

Fbanom  Galtoh,  Esq.  M.A.  F.E.S.  M.B.I. 

Menial  Images  and  Vision. 

[Abstract  deferred.] 
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Mr.  W.  n.  Pollock  on  Skalupeare  Criticism. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  20,  1881. 

WiLUUt  Spotti8Wood«,  Esq.  M.A.  D.C.L.  Pros.  R.8. 
Vico-Prcsideut,  in  the  Chair. 

Waltkb  H.  Poluxtk,  Esq.  M.A. 

Skaktpeare  Crilicitm. 

Thx  speaker  began  by  noticing  some  of  tho  absurd  theories  respecting 
Shakspeare's  life  and  works. 

Hnmo  tho  historian  said :  "  If  Shakspearo  bo  considered  as  a  man 
bom  in  a  rude  age  and  educated  in  tho  lowest  nuuinor,  without  any 
instruction  from  books  or  from  the  world,  he  may  be  regarded  as  a 
prodigy.  If  represented  as  a  poet  capable  of  famishing  a  proper 
entert^nment  to  a  refined  or  an  intelligent  audience,  we  must  abate 
much  of  this  eulogy.  A  strikiug  peculiarity  of  sentiment  adapted  to 
a  single  character  he  frci^neDtly  hits,  as  it  were,  by  inspiration ;  but 
•  reasonable  pro]>ricty  of  thought  he  cannot  for  any  time  uphold. 
Nerrons  and  picturesque  c'xj)re(iHions,  as  well  as  descriptions,  abound 
in  him ;  but  it  is  in  vain  we  look  for  purity  or  simplicity  of  diction." 
Goldsmith  mokee  "  The  Vicar  of  Wakefield  "  soy,  "  Can  the  present 
age  be  pleased  with  that  antiiiuated  dialect,  that  obsolete  humour, 
Ihofle  OTer«hargod  characters  ?  "     Voltaire  said  '  Hamlet '  was  "  tho 

dream  of  a  droukon  savage  with  some  flashes  of  beautiful  thoughts." 

•  ••••• 

Oorvinus  truly  says  that,  after  two  hundred  and  fifty  years  of 
oommentators'  digging,  as  in  a  mine,  Shakspearo  has  remained  an 
enigma  to  the  literary  world.  This  is  due  to  a  great  error.  Shak- 
■peare  did  not  write  for  studious  reading  in  tho  closet,  but  for 
representation  on  the  stage  for  ordinary  understanding.  He  often 
wrote  carelessly ;  not  at  all  as  if  evi-ry  word  and  lino  were  to  be 
critically  discussotL     In  fact,  his  plays  were  at  Grxt  surreptitiously 

printed,  which  was  considered  injurious  to  his  reputation. 

•  ••••• 

After  reading  some  of  Mr.  Pepys's  arousing  comments  on  the 
renewed  performance  of  Shakspearo  at  tho  Restoration  in  1G<)0,  Mr. 
Pollock  gave  specimens  of  tlic  sacrilegious  manner  in  which  tho 
plays  had  been  dealt  with  by  Daveuont,  Dryden,  and  others  in  the 
WTOnteentii  century.  Ho  referred  especially  to  '  Komoo  and  Juliet,' 
M  dealt  with  by  Otwny.  in  which  are  strikiug  examples  of  the  "  art 
of  ainldng."  and  also  to  tho  Duko  of  Buckingham  s  altorationa  of 

<  Julius  Cffisor.' 

•  ••••• 

Mr.  Pollock  thon  read  the  story  on  which  '  Hamlet '  woa  founded, 
I  ikvm  8uo-Orauuuaticua,  tho  Dauisb  historian,   to  show  (ho  way 
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in  which  Sbakspcare's  genius  ennobled  his  crude  materials,  a: 
which  he  discussed  some  of  the  criticisms  and  comments  on  '  Hami 
as  an  example  of  the  way  in  which  the  poet  had  been  dealt  with. 

"  In  Warburton,"  writes  Gerrinus,  "  in  Johnson,  and  in  Steev 
(the  most  intelligent  of  all)  there  are  CTCellent  explanations  of  oeH 
tMUKges,  traits,  and  characters  which  burst  forth  amid  prejudices 
raise  judgment,  as  proofs  of  how  the  greatness  of  the  poet  prevai 
more  and  more  even  over  the  narrow  minds  of  their  criticiseia. 
accordance  with   this  partial  iuTcstigation  and  with    these  pan 
flashes   of  perception,   alternating   with   greater   darkness,  was 
treatment  of  Shakspcare  on  the  stage  both  in  Germanj  and  Engit 
The  jubilee,  two  hundred  yoekrs  after  Sbakspcare's  birth,  celebrate< 
Btratford-on-Aron  In  1764,  denotes  about  the  time  when  the  po 
works  were  revived  by  Garrick  on  the  English  stage."     It  may 
well  to  remark,  what  Gcrrinus  merely  alludes  to  at  this  point,  1 
Oarrick's  representations  were  very  far  from  being, — apart  from 
own  acting, — what  would  satisfy  any  critical  audience  nowadays.    *! 
alterations  to  which  Gervinus  presently  alludes  were  often  of  a  n 
disastrous  kind,  notably  in  the  case  uf  tlio  complete  excision  of 
grovctliggers  in  '  Hamlet.'     It  is  a  minor  point  that  Garrick  pla; 
Sbakspeorc's  choractera  in  the  costume  of  his  own  (Garrick's)  ti 
according  to  t!ie  then  universal  ciiRtom.     The  German  critic  goes 
to  assert,  and  it  might  bo  difficult  to  quarrel  with  the  assertion,  t 
"  the  man  who  first  valued  Shakspcare  according  to  his  full  dei 
was  indieputabty  Lcssing.     With  all   tbo  force  of  a  true  taste, 
pointed    to   Wieland's   tranalatiou   of   tbo    English   dramatist   w] 
scarcely  any  one  in  Gcrmuny  knew  him."     Lessing,  it  will  be  remi 
bored,  was  boni  in   1729  and  died  in  1781,  and  it  can  hardly 
doubted  that,  as  Gervinus  says,  bis  influonco  in  Germany  cause* 
reaction  in  England,  until  "when  Nntliau  Drake  in  1817  publisl 
his  ample  work  upon  '  Sbakspeare  and  his  Times '  the  idolatry  of 
poet  bad  passed  already  to  hia  native  land."    It  is  a  pity  tliat  Giervii 
who  goes  on  to  dwell  with  pleasure  on  tlio  wide-spread  interest 
Sbakspeare  again  excited  of  late  years  in  England,  could  not  see 
artistic  homage  now  paid  to  him  on  the  stage  of  what  has  become  i 
leading  theatre. 

The  only  modem  version  of  'Hamlet'  which  has  obtained  a 
real  success  on  the  stage  in  Franco  was  the  one  written  by  the  gr^ 
Dnmaa,  who  bad  a  keen  appreciation  of  the  genius  of  Shakspes 
and  who,  indeed,  was  first  fired  to  write  for  the  stage  by  aeei 
Sbakspcare's  plays  represented  in  Poris  by  an  English  company 
English.  Upon  the  arrival  of  this  company,  "I  bad  never  rea( 
he  writes  in  his  memoirs,  "one  piny  of  the  foreign  drama.  Th 
pnt  Tip  '  Hambt.'  I  only  knew  tbo '  Hamlet '  of  Ducis.  I  went  to  t 
the  '  Hnmlet '  of  Sliakspcaro.  This  it  was  that  I  bad  longed  for  ;  tl 
it  was  that  I  bad  over  felt  the  want  of.  It  was  the  plnyors  forgettii 
the  traditions  of  the  stage,  it  was  the  imaginary  life  that  art  mai 
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rool ;  it  was  tLis  presentment  by  actors  of  human  beings — not  of 

etiltod  heroes  with  the  unfeeling  and  conventional  declamation  of 

the  stage.     I  saw  Romeo,  Virginius,  William  Tell,  Shylock,  Othello ; 

I  saw  Macreadj,  Kcan,  and  Young.     Then  I  read,  I  devoured  the 

library  of  the  foreign  stage,  and  I  saw  that  in  the  world  of  the 

drama  all  springs  from  Shakspeare,  as  in  the  greater  world  all  springs 

from  the  sun.     I  saw  that  no  writer  could  be  compared  with  him. 

He  was  as  dramatic  as  Comcille,  as  comic  as  Molicre,  as  daring  as 

Caldcron,  as  thoughtful  as  Gootho,  as  passionate  as  Schiller." 
•  *••*• 

After  commenting  on  various  foreign  translations  of  Shakspeare, 
Ur.  Pollock  cited  the  following  as  a  specimen  of  some  of  the  very 
strange  annotations  and  translations.  Moratin,  the  Spanish  trans- 
lator, in  a  note  says :  "  They  paint  now  the  Omnipotent  in  the 
act  of  hurling  thunderbolts  at  man  ;  indeed  it  is  quite  common. 
Bat  to  imagine  the  Almighty  discharging  a  park  of  artillery  at  him, 
is  certainly  something  very  new ;  whilst  it  should  be  noted  that  in 
the  time  of  Hamlet  therti  wore  neither  cannons  nor  gunpowder." 
This  amazing  note  is  explained  by  the  fact  that  ho  translates : 


as  follows : 


"  Or  (hnt  the  EvorlMting  had  not  fixed 
UiB  caoun  'gaiuat  self-iilaaBliter,'' 

"01  o1  Todopoderoso  no  oaestim 
El  cafion  oontni  el  bumicida  de  >i  miimo.* 


Later  transIatorB  substitute  futil  (gun)  for  canon. 

In  conclusion,   Mr.  Pollock   read  the  beautiful  version  of  the 
Willow  Song  by  the  elder  Dumas. 
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H.  E.  Bosooi,  Esq.  LL.D.  F.RJB.  &c 

nwnoEwi  0*  Tnx  nimicAL  foarrr. 

Indigo,  and  i(«  Artificial  Production. 

MoRB  than  eleven  yean  ago  the  speaker  hod  tbo  ploosore  of  bringi 
before  this  audicuoo  a  discovery  in  synthetic  chemistry  of  groat  inten 
and  importance,  viz.  that  of  the  artificial  pro<laction  of  alizarin,  t 
colouring  Kubstanco  of  ma<ldor.  To-ilay  it  ia  his  privilege  to  poi 
ont  the  attiiiiiment  of  another  eqnaUy  striking  case  of  syutlicsis,  r 
the  artificial  formation  of  indigo.  In  this  last  instance,  as  in  t 
former  case,  the  world  is  indebted  to  German  science,  althonj 
to  different  individuals,  for  those  interesting  results,  the  synthesifl 
indigo  having  been  achiovod  by  Professor  Adolf  Baeyer,  the  wortl 
Bnooeflsor  of  Uio  illustrious  Liebig  in  the  University  of  Munich.  He 
then  wo  have  another  prouf  of  tbo  fact  that  the  Btndy  of  the  mc 
intricate  problems  of  organic  chemistry,  and  those  which  appear 
many  to  be  furthest  removed  from  any  practical  a]>plicatiou,  are 
reality  ca]>abIo  of  yielding  results  having  an  absolute  value  moasor 
by  hundreds  of  thousands  of  pounds. 

In  proof  of  this  assertion,  it  is  only  necessary  to  mention  that  tl 
value  of  the  indigo  imported  into  this  country  in  the  year  IS'i 
reached  the  enormous  sum  of  close  on  two  millions  sterling,  whil 
the  total  production  of  the  world  is  assessed  at  twice  that  amount ;  i 
that  if,  as  is  certainly  not  impossible,  artificial  indigo  can  be  prepan 
at  a  price  which  will  compete  with  the  native  product,  a  wide  field 
indeed  open  to  its  manufacturers. 

Indigo,  as  is  well  known,  ia  a  colouring  matter  which  basattractc 
attention  from  very  early  times.  Cloth  dyed  with  indigo  has  boe 
found  in  the  old  Egyptiaii  tombs.  The  method  of  preparing  on 
using  this  colour  is  accurately  described  by  both  Pliny  an 
DioscoridcB,  and  the  early  inhabitants  of  these  islands  were  we] 
Bcquainte<l  with  indigo,  which  they  obtained  from  the  European  indig 
plant,  Jsad'g  tinctoria,  the  woad  plant,  or  pastel.  With  this  they  dyei 
their  garments  and  painted  their  skins.  After  the  discovery  of  th< 
passage  to  India  by  the  Capo  of  Good  Hope,  the  eastern  indigo 
derived  from  various  species  of  Indlgofera,  gradually  displaced  woad 
as  containing  more  of  the  colouring  matter.  But  this  was  not 
accomplished  without  great  opposition  from  the  £uro|)ean  growers  oi 
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wood  ;  and  Bevorc  enactments  wore  protnnlgatcd  against  the  introdnc- 
tion  of  tho  foreign  colouring  ninttcr,  an  edict  coudonming  to  death 
persons  "  who  used  that  pernicious  drug  called  devil's  food "  being 
issued  by  Henry  tho  Fourth  of  Franco.  Tho  chief  sonroo  of  Indian 
indigo  is  tho  Indigofcra  tincioria,  an  horbacoous  plant  raised  from 
seed  which  is  sown  in  either  spring  or  autumn.  Tho  plant  grows 
with  a  single  stalk  to  a  height  of  about  three  feet  six  inches,  and 
about  tho  thickness  of  a  finger.  It  is  usually  cut  for  the  first  time  in 
Juno  or  July,  and  a  second  or  even  a  third  cutting  obtained  later  in 
the  year.  The  value  of  tho  crop  depends  on  tho  number  of  leaves 
which  the  plant  puts  forth,  as  it  is  in  the  leaves  that  tho  colouring 
principle  is  chiefly  contained.  Both  the  preparation  of  tho  colouring 
matter  from  the  plant,  and  its  employment  as  a  dye  or  as  a  point,  are 
carried  on  at  the  present  day  exactly  as  they  have  boon  for  ngos  past. 
The  description  of  tho  processes  given  by  Dioscoridos  and  Pliuy 
tally  exactly  with  tho  crude  mode  of  manufacture  carried  on  in 
Bengal  at  the  present  day  as  follows : — 

"Tho  Bengal  indigo  factories  usually  contain  two  rows  of  vats, 
tho  bottom  of  one  row  being  level  with  the  top  of  the  other.  Each 
■erics  uuml)cr8  from  fifteen  to  twenty,  and  each  vat  is  about  7  yards 
square  and  3  feet  deep ;  they  are  built  of  brickwork  lined  with  stono 
or  oemont.  About  a  hundred  bundles  of  the  cut  indigo  plants  arc 
placed  in  each  vat  in  rows,  and  pressed  down  with  heavy  pieces  of 
wood;  this  is  essential  to  tho  snccoss  of  the  operation.  Water  is 
then  run  is  so  as  to  completely  submerge  the  plants,  when  a  fer- 
mentation quickly  onsnes,  which  lasts  from  nine  to  fourteen  hours, 
according  to  tho  temperature  of  tho  atmosphere.  From  time  to  timo 
a  small  quantity  of  the  liquor  is  taken  from  the  bottom  of  the  vat  to 
aeo  how  the  operation  is  pruceediug.  If  the  liquor  has  a  pale-yellow 
hue  tho  product  obtained  from  it  will  be  for  richer  in  quality,  but  not 
so  abundant  as  if  it  had  a  goldeu-yellow  appearance.  The  liquor  ia 
then  rtm  off  into  tho  lower  vats,  into  which  men  enter  and  agitate  it 
by  meaaa  of  bate  or  oara,  or  elso  mechanically  by  means  of  a  dash- 
wbeel,  each  vat  requiring  sovontoen  or  eighteen  workpeople,  who  are 
kept  employed  for  three  or  four  hours.  During  the  operation,  the 
yellow  liquor  OASumes  a  greenish  hue,  and  the  indigo  separates  in 
flakes.  Tho  liquor  is  then  allowed  to  stand  for  an  hour,  and  the  blue 
pulpy  indigo  is  run  into  a  separate  vessel,  after  which  it  is  pumped 
up  into  a  pan  and  boilod,  in  order  to  prevent  a  second  fermentation, 
which  would  sjwil  tho  proihict  by  giving  rise  to  a  brown  matter. 
Tho  whole  is  then  left  to  stand  for  twenty  hours,  when  it  is  again 
boiled  for  tlireo  or  four  hours,  after  which  it  is  run  on  to  largo  filters, 
which  aro  placed  over  vats  of  stonework  about  7  yards  long,  2  yards 
wide,  and  1  yard  deep.  Tho  filters  aro  made  by  placing  bamboo 
oanoa  across  the  vats,  covering  these  with  bass  mala,  and  over  all 
stretching  strong  canvas.  The  grcator  part  of  tho  indigo  remains 
under  tho  form  of  a  dark  blue  or  nearly  black  paste,  which  is  lutro- 
dnoed  iato  nudl  wooden  frames  having  holoa  at  tho  bottom  uid 
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lined  with  Btrong  canvas.  A  piece  of  canvas  ifl  thon  pliiced  on  11 
top  of  the  frame,  a  perforated  wooden  cover,  which  fits  into  the  ho 
pnt  over  it,  and  the  whole  snbmittcd  to  a  gradual  prcBsure.  Wh< 
aa  mach  of  the  water  as  poesible  has  been  squeezed  out  the  cove 
are  removed,  and  the  indigo  allowed  to  dry  slowly  in  large  dryii 
sheds,  from  which  light  is  carefully  ozclnded.  When  dry,  it  is  roac 
for  the  market     Each  vat  yields  from  36  to  50  lbs.  of  indigo."  • 

The  same  process  carried  out  in   the   times  of   the   Greeks 
thos  described  by  Dioscorides :  "  Indigo  nsed  in  dyeing  is  a  puf 
coloarod  froth  formed  at  the  top  of  the  boiler ;  this  is  collected  ai 
dried  by  the  manufacturer;    that  posBOSsing  a  blue  tint  and  beii 
brittle  is  esteemed  the  most." 

The  identity  of  the  blue  colouring  matter  of  wood  and  that  of  t' 
Bengal  plant  was  proved  by  Hellot,  and  by  Planer  and  Trommsdo 
at  the  end  of  the  last  century.  These  latter  chemists  showed  th 
the  bine  colour  of  the  wood  can  bo  eubliinod,  and  thus  obtained 
the  piire  state,  a  fact  which  wos  first  mentioned  in  the  case  of  indi| 
by  O'Brien,  in  1789,  in  his  treatise  on  calico  printing.  Indigo  th 
purified  is  termed  indigotin.  It  has  been  analysed  by  vario 
chemists,  who  ascertained  that  its  composition  may  bo  most  simp 
expressed  by  the  formula  CaH^NO. 

Indigo  is  a  blue  powder,  iniiolublo  in  water,  alkalis,  alcohol,  ai 
most  common  liquids.     lu  order  to  employ  it  as  a  dyeing  agent 
must  bo  obtained  in  a  form  in  which  it  can  be  fixed  or  firmly  held  i 
to  the  fibres  of  the  cloth.     This  is  always  effected  by  virtue  of 
property  possessed  by  indigo-blno  of  combining  with  hydrogen 
form  a  colourless  body,  soluble  in  alkalis,  known  as  indigo-white, 
reduced  indigo,  of  which  the  simplest  formula  is  CgHjNO.     Tl 
eubstanoe  rapidly  obsorbs  oxygen  from  the  air  and  posses  into  ti 
blue  insoluble  indigo,  which,  being  held  in  the  fibre  of  the  cloi 
imparts  to  it  a  permanent  blue  dye.     This  reduction  to  white  indij 
may  be  effected  in  various  ways.     The  old  cold  vat,  or  blue-dip  v« 
as  thoy  are  termed,  consist  of  a  mixture  of  indiijo,  slacked  lime,  ai 
green  vitriol.      The  la(ter  salt  reduces  the  indigo,  and   tho  whi 
indigo  dissolves  in  the  lime  water.     This  process  of  indigo  dyeing 
both  expensive  and  troublesome,  owing  to  loss  of  indigo  and  formatit 
of  gypsum,  BO  that  many  plans  havo  been  proposed  to  remedy  tha 
evils. 

Concerning  the  origin  of  indigo  in  tho  loaves  of  the  Indigofer 
various  and  contradictory  views  havo  been  held.  Some  havo  suppose 
that  blue  indigo  exists  ready  formed  in  tho  plant ;  others,  that  whi 
indigo  is  present,  which  on  exposure  to  air  is  converted  into  indigi 
blue.  Schunck  has,  however,  proved  beyond  doubt  that  tl 
woad  plant  {Isalis  tinrtoria),  the  Indiffnfera  tinrtoria  of  India,  ond  tl 
Chinese  and  Japanese  indigo  plant  {Poli/gomtm  tinc(oriitm)  contai 
neither  indigo-blue  or  white  indigo  ready  formed.     It  is  now  know 
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ihat  bj  carofnl  treatinont  the  le&yeB  of  all  tbese  indigo-yielding 
plants  can  be  shown  to  contain  a  colonrlcss  principle  termed  iudican, 
and  that  this  easily  decomposes,  yielding  a  sugar-like  body  and 
indigo-blue.  That  white  indigo  is  not  present  in  the  loarea  is 
proved  by  the  fact  that  this  compound  requires  an  alkali  to 
be  present  in  order  to  bring  it  into  solution,  whereas  the  sap  of 
plants  is  always  acid.  The  decomposition  is  represented  by  Schunck 
as  follows : — 

C„H3,N0„  -f-  2H,0  =  C,H,NO  -f  3C,H,oO,. 

lodican.  Indigotin.  Indiglucin. 

So  readily  does  this  change  from  indican  to  indigo  take  place, 
that  bruising  the  leaf  or  exiKwing  it  to  great  cold  is  sufficient  to 
produce  a  blue  stain.  Even  after  mere  immersion  in  cold  alcohol  or 
ether,  when  the  chlorophyll  has  been  removed,  the  lesTis  appear 
blue,  and  this  has  been  taken  to  show  the  pro-existence  of  indigo  in 
the  plant  But  these  appcaranoes  are  deceptive,  for  Schunck  has 
proved  that  if  boiling  aloohol  or  ether  be  used,  the  whole  of  the 
oolonr-producing  body  as  well  as  the  chlorophyll  is  removed,  tho 
leavaa  retaining  only  a  faint  yellow  tinge,  whilst  the  alcoholic 
extract  contains  no  indigo-blue,  but  on  adding  an  acid  to  this  liquid 
the  indican  ie  decomposed  and  indigo-blue  is  formed. 

Passing  now  to  the  moro  immoiliato  subject  of  his  discourse,  tho 
speaker  again  reminded  his  hearers  that  indigo  was  the  second 
natural  colouring  matter  which  has  been  artificialy  prepared; 
alizarin  the  colouring  matter  of  the  moddor-root  being  the  first.  As 
a  mlo,  the  simjilor  prublums  of  synthetic  chemistry  are  those  to 
which  solutions  arc  the  soonest  found,  and  those  instances  form  no 
exception  to  the  rule.  The  synthetic  production  of  indigo  is  a  more 
difficult  matter  than  the  artificial  formation  of  alisarin,  and  hence 
the  speaker  did  not  apologise  for  leading  up  to  the  complex  through 
the  more  simple  phenomenon. 

When  the  ingenioos  Japanese  workman  who  had  never  seen  a 
wfttck  had  one  given  to  him  with  an  order  to  make  a  duplicate,  he 
took  the  only  sensible  oonrso  open  to  him,  and  carefully  pulled  the 
watch  to  pieces,  to  see  how  the  various  parts  were  connected  to- 
gether. Having  once  ascertained  this,  his  task  was  a  comparatively 
easy  one,  for  he  then  had  only  to  make  the  sepaiate  parts,  and  fit 
them  together,  and  ho  thus  succeeded  so  well  in  imitating  tho  real 
article  Uiat  no  one  could  tell  the  differenoe.  So  it  is  with  the 
chemist,  until  he  knows  how  the  compound  is  built  up,  that  is, 
nntil  ho  has  ascertained  its  constitution,  any  attempt  at  syuthtisis  is 
mom  like  groping  in  t)ie  dark  than  like  shaping  tho  oourso  by 
wdl-ksiowu  landmarks  into  harbour. 

In  the  case  of  alizarin  it  was  com)«ratiTcly  easy  to  redaoe  it  to 
its  dmplost  tcrniii,  and  to  show  that  tlio  borkbono  of  this  colouring 
matter  is  authraoeno  C14H,,,  a  hydro-txrbon  foaod  in  coal-tar.     This 
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fiict  boing  asoortainod,  tho  noxt  atop  was  tlio  farther  proceaa 
clothing  tho  hydro-carbon  by  odding  four  atoms  of  oxygon  and  si 
trocting  tho  two  atoms  of  hydrogon  present  in  excess,  and  this  \ 
soon  Bucoos^fally  accomplished,  so  that  now,  as  wo  know,  artifi( 
alizarin  has  oxcludod  tho  natural  colooring  matter  altogether. 


CuH.o 

ADthnccne. 


CuHeO,(OH)j. 

AlUariD. 


aeon! 
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What  now  was  the  first  step  gained  in  onr  knowledge  cone 
tho  constitution  of  indigo,  of  which  tho  simplest  formula  is  C^HjNC 

Stkp  No.  1. — This  was  made  so  long  ago  as  1840,  when  Frits< 
proTod  that  aniline,  Cell^NH],  con  bo  obtained  from  indigo.  1 
name  for  this  now  well-known  substance  is  indeed  derived  from  ' 
Portugnoso  "anil,"  a  word  used  to  designate  the  blue  colour  £r 
indigo.  This  result  of  Fritscho's  is  of  great  importance,  as  showi 
that  indigo  is  built  up  from  tho  well-known  benzene  ring  CeH,,  ■ 
skeleton  of  all  tho  aromatic  compoouds,  and  morooyor  that  it  conta 
an  omido-groap. 

Step  No.  2  was  olso  mode  by  Fritscho  in  the  following  yt 
when,  by  bulling  indigo  with  soda  and  manganese  dioxide,  ho  obtui 
ortho-aiuido-beazoic  acid,  or,  as  bo  then  termed  it,  anthrauilic  a( 
Tho  foUotving  is  tho  roaotioD  which  here  occurs : — 


OgHjNO  -1-0  4-  2H,0  =  C,H5NH,0,  +  CH,Oj. 

ludigo.  OrLho-amido-beDzaic  Bcid. 


I 


What  light  dooB  this  fact  shed  upon  the  constitution  of  indigo  ? 
shows  (1)  that  one  of  tlio  eight  atoms  of  carbon  in  indigo  can 
xeadily  separated  from  the  rest ;  (2)  that  the  carboxyl  and  the  amii 


Ortho-position, 


Meta-pogitioD, 


NH. 


Para-positioD. 
00^ 
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y 


NH, 


NH. 


group  ore  in  neighbouring  positions  in  the  benzene  ring,  viz.  1  and 
For  wo  bavo  throe  isomeric  acids  of  the  abovo  composition. 

•  Bottingor,  Deut.  Chem.  Goa.  1877,  i.  269. 
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Step  No.  3. — Tho  next  advanco  of  importanco  in  this  some- 
what  complicated  matter  is  tho  discovery  by  Erdmaun  and  Laurent 
independently,  that  indigo  on  oxidation  yields  a  crystalline  body, 
which,  however,  possesses  no  colouring  power,  to  which  they  gave  the 
oamo  of  isatin. 

C,H5N0  +  0  =  CgHjN0-,. 

Indigo.  Uatin, 

8tbf  No,  4. — The  reverse  of  this  action,  viz.  tho  redaction 
of  isatin  to  indigo,  was  accomplished  by  Baoycr  and  Emmorling  in 
1870  and  1878,  by  acting  with  phosphorus  peutnchlorido  on  isatin, 
and  by  the  reducing  action  of  ammonium  sulphide  on  the  chlorido 
thus  formed. 

Understanding  now  something  of  the  stmcturo  and  of  the  re- 
lationships of  the  body  which  we  wish  to  bnild  up,  let  ns  see  how 
this  edifice  has,  in  fact,  been  reared.  Three  processes  have  been  sno- 
oeesfolly  employed  for  carrying  out  this  object.  Bat  of  those  threo 
only  one  is  of  practical  importance.  A  synthetic  process  may  yield 
the  wished-for  result,  but  the  labour  incurred  may  be  too  groat  and 
the  loases  daring  the  campaign  may  be  too  severe  to  render  it  pos- 
BiUe  to  repeat  Uie  operation  with  advantage  on  a  large  scale;  just 
u  it  ooeta,  at  the  nsual  rate  of  wages,  more  than  twenty  shillings  to 
wash  a  Bovereign's  worth  of  gold  out  of  the  Rhino  sands,  bo  that  this 
employment  is  only  carried  on  when  all  other  trades  fail. 

For  tho  sake  of  completeness,  lot  ns,  however,  consider  all  three 
procesaes,  although  Nos.  1  and  2  are  at  present  beyond  the  pale  of 
prsctioal  schemes. 

Those  throe  processes  have  certain  points  in  common.  (1)  They 
•11  proceed  from  some  compound  containing  tlie  benzene  nucleus. 
(2)  They  all  start  from  compounds  containing  a  nitrogen  atom.  (3) 
They  all  commence  with  an  ortho-compound. 

They  difTor  from  one  another ;  inasmuch  as  process  No.  1  starts 
from  a  compound  containing  seven  atoms  of  carbon  (instead  of  eight), 
and  to  this,  therefore,  one  more  atom  must  be  added  ;  process  No.  2,  on 
the  other  hand,  starts  from  a  body  which  contains  exactly  the  right 
number  (eight)  of  carbon  atoms;  whilst  No.  3  commences  with  a 
oomponnd  in  which  nino  atoms  of  carbon  are  contained,  and  from 
which,  therefore,  one  atom  has  to  bo  abstracted  before  indigo  can  bo 
xutohed. 

Proeem  No.  1  ^Eekal£ — Olaissen  and  Shadwell). — So  long  ago  as 
18C9  Eeknlu  predicted  the  constitution  of  intin,  and  garo  to  it  tho 
formula  which  wo  now  know  that  it  poosoaaos,  yiz. 


C.H; 
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Following  np  this  view,  Clausoa  and  Shadwell,  two  of  Keknli 
pnpils,  ancceeded  in  preparing  isatin,  and,  therefore,  now  indigo,  fn 
ortho-nitro-bencoic  acid. 

The  following  are  the  ateps  in  the  ascent : — 

1.  Ortlio-nitro-bcnzoic  acid  acted  on  by  phosphorus  pentaohlori 

yieldg  tho  chloride  OjH/NO,)COCl. 

2.  This  latter  hoated  with  aiiver  cyanide  yields  tho  nitril  C,l 

(N0,)CO.CN. 

3.  On  lieatiug  this  with  canstic  potash  it  yields  ortho-nitro-phen^ 

glyoxylic  acid,  CsH,(NOj)CO.COjH. 

4.  This  is  convcrttMl  by  nascent  hydrogen  into  the  amido-co! 

pound  CjH,(NH,)OO.CO,H. 

5.  And  this  loses  water  and  yields  isatin,  G,H4NH.C0.C0. 

(Q.E. 


m 


The  reasons  why  this  process  will  not  work  on  a  large  seal 
patent  to  all  those  who  have  had  even  bowing  acquaintance  with  so 
unpleasant  and  costly  bodies  as  phosphorus  pentadiloride  or  cyanog< 

ProceM  No.  2. — Baeyer's  (1878)  synthesis  from  ortho-nitro-phei 
acetic  acid. 

This  acid  can  be  obtained  synthetically  from  toluol,  and  it  is  fi 
converted  into  the  amido-iicid,  and  which,  like  several  ortho-compoun' 
loses  water,  and  is  converted  into  a  body  called  oxindol,  from  whi 
isatin,  and  therefore  indigo,  can  bo  obtained.  The  precise  steps  to 
followed  are : — 


1.  Ortho-amido-phenylaoetic  yields  oxindol : 


-NH, 


-NH^ 


2.  This  on  treatment  with  nitrons  acid  yields  nitrosoxindol 


CO     +     H,0. 

I 


0,H,c 


^C(NO) 


NH' 


:00. 


3.  This  agaia  with  nascent  hydrogen  gives  amidoxindol : 
Ce(NH,) 
C.H,-^^  ">C0. 
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4>  Wbich  on  oxidation  gives  isatin, 

JGO 
C^M^  ySO.  (Q.  E.  D.) 
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Tliia  process,  the  feasibility  of  wbieli  had  also  been  foreseen  by 
Kekul^,  is  however  not  available  as  a  practical  scheme  for  varions 
reasons. 

Proeets  No.  3. — This  may  be  called  the  manufacturing  process,  and 
was  also  proposed  by  Bacyer.  It  starts  from  cinnamio  acid,  a  substance 
contained  in  gum  benzoin,  balsam  of  Peru,  and  some  few  other 
aromatic  bodies.  These  sources  are,  however,  far  too  expensive  to 
render  this  acid  thus  obtained  available  for  mannfactnring  purposes. 
But  Bertagnini,  in  1856,  had  obtained  cinnamic  acid  artificially  from 
oil  of  bitter  almonds,  and  other  processes  for  the  same  purpose  have 
since  been  carried  out.  Of  these,  that  most  likely  to  be  widely 
adopted  is  the  following  practical  modification  by  Dr.  Caro  of  Mr. 
Pcrkin'a  beautiful  synthesis  of  cinnamic  acid : — 

1.  CHjCH,  +  4C1  =  C.HjCHCl,  +  2HC1. 

Toloene.  BeozyleDc  dichloride. 

a.  C,H,CHC],+2CH,.CO.O.Na  =  C,H,CH=CH.CO.OH.+2Naol. 

BconUnc  Sodium  iccUte.  Cianamic  >cid. 

dicbloride. 

Bat  why  did  Baeyer  select  this  nine-carbon  acid  from  which  to 
prepare  indigo?  For  this  ho  had  several  reasons.  In  the  first  place, 
it  had  long  been  known  that  all  indigo  compounds  when  beatcsd  with 
Eino-duat  yield  indol,  C,H,N,  a  body  which  stands  therefore  to  indigo 
in  the  aame  relation  as  anthracene  to  alizarin,  and  Baeyer  and 
Emmerling  bad  so  long  ago  aa  1869  prepared  this  indol  from  ortbo- 
nitro-cinnamic  acid  thus: — 

C,H,(NO,)CO,H  =  0,H,N  +  O,  +  CO,. 

Secondly,  the  ortho-nitro-cinnamic  acid  required  (for  we  must 
mDember  that  indigo  is  an  ortho-compound  and  also  contains 
nitrogen)  can  be  readily  preparo<l  from  cinnamic  acid,  and  this  itself 
•gain  can  be  obtained  on  a  large  scale.  Thirdly,  this  acid  readily 
mrta  with  one  atom  of  carbon,  and  thus  renders  possible  its  conversion 
into  eight-carbon  indigo. 

Tho  next  steps  in  the  process  are  ^3)  the  formation  of  ortho- 
nitro-cinnamio  acid,  (4)  the  conversion  of  this  into  its  dibromide,  (5) 
Um  wparation  from    this  of    tho    two  molecules  of  hydrobromioj 
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•Old,  giving  rifio  to  ortho-nitro-pbonyl-propiolic  acid,  and  (6),  anc 
lastly,  the  conversion  of  this  latter  intu  indigo  by  heating  its  alkaline 
solution  with  grapo  sngar,  xanthato  of  soda,  or  other  rodaoing  agent 
These  reactions  are  thus  represented : — 


■I 


8.  C,HjCH=CHCOOH  C,H^(NOj)CH=CH.COO 

Cinoamic  acid  yie)d<  Ortho-nit r<w:iiuiamic  acid. 

In  this  process  the  para-aoid  is  also  obtained,  and  as  tliis  ii 
oaoloss  for  the  maniifactare  of  indigo,  it  has  to  be  removed.  Thii 
is  effected  by  converting  tho  acids  into  their  ethyl  others,  which 
possessing  different  degrees  of  solubility,  can  be  readily  soparatec 
from  one  another. 

4.  This  is  next  converted  into  tho  dibromide 

CaH.{NO,)CnBr .  CHBrCOOH. 

5.  And  by  careful  treatment  with  caustic  soda  this  yields  ortho- 
nitro-phenyl-propiolic  acid,  thus  : —  ^m 

CjU.lNOJCHBrCnBrCOOE  -f  2NoOH  =  V 

CeU,(NOi)Cj.COOH  +  2NaBr  +  2HjO. 

6.  nrOeH,(NO,)C, .  COOH  +  H,  =  C^B^l^O  +00,  +  H.O].    M 

Orlho-nitro-phenjl-propiolic  acid.  Indigotin.  ^ 

(Q.  K  D.) 

Tho  last  of  thcso  reactions  is  in  reality  not  so  simple  as  the  equa- 
tion indicates.  For  only  about  40  per  cent,  of  indigo  is  obtained 
whoroaa  according  to  theory  68  per  ooiit.  should  result.  Indeed 
although,  OS  wo  bavo  eccn,  indigo  can  bo  prepared  by  thcso  three 
mothods,  chemists  are  as  yet  in  doubt  as  to  its  molecular  weight,  the 
probability  being  that  tho  molecule  of  iiuligo  contains  twice  16 
atoms  of  carbon,  or  has  tho  formula  4(OsH5NO)  or  CuH^^O^. 
Still  it  must  bo  romemborod  that  according  to  Sommarnga  tho  vapoui 
density  of  indigo  is  9 '  45,  a  number  corresponding  to  the  simpler 
formula  0,gn,(,NjOj. 

Tho  artilicial  production  of  indigo  may  even  now  be  said  to  be 
within  measurable  distance  of  commercial  success,  for  the  ortho-nitro- 
phonyl-propiolic  acid,  tho  colourless  substanco  which  on  treatment 
with  a  reducing  agent  yields  indigo-blue,  is  already  in  tho  hands  of 
the  Manchester  calico  printers,  and  is  furnished  by  tho  Baden 
Company  for  alkali  and  aniline  colours  at  the  price  of  6s.  per  lb.  for 
a  paste  containing  25  per  cent,  of  the  dry  acid. 

With  regard  to  the  nature  of  tho  competition  between  the  artificial 
and  tho  natural  colouring  matters  it  is  necessary  to  say  a  few  words. 
In  tho  first  place,  tho  present  price  at  which  tho  manufacturers  ore 
able  to  sell  thoir  propiolic  acid  ia  50a.  por  kilo.  But  100  parts  of 
this  can  only  yield,  according  to  theory,  68  •  58  parts  of  indigo-blue, 


:^ 
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BO  that  tlio  price  of  the  artificial  (being  73«.  i)er  kilo.)  is  more  than 
twice  that  of  the  pure  uatural  colour.  Ucnco  competition  witli  the 
natural  dye-stuff  is  not  to  be  thought  of  until  the  makers  can  rodnoa 
the  price  of  dry  propiolic  acid  to  208.  per  kiln.,  and  also  obtain  a 
theoretical  yiehl  from  their  acid.  This  may,  or  it  may  not,  bo  some 
day  accomj)lished,  but  at  present  it  will  not  pay  to  produce  indigo 
from  nitn>-phonyl-propiolic  acid.  Nevertheless  a  large  field  lies  op«m 
in  the  immediate  future  for  turning  Baeyer's  discovery  to  practical 
Account.  It  is  well  known  that  a  great  loss  of  colouring  matter 
occurs  in  all  the  processes  now  in  use  for  eitlior  dyeing  or  printing 
with  indigo.  It  has  already  been  stated  that  a  large  percentage  of 
indigo  is  lost  in  the  "  cold  vats  "  in  the  sediment.  Another  portion 
is  washed  off  and  wasted  after  the  numerous  dippings,  whUst  in  order 
to  produce  a  imttom  much  iudigo  must  bo  destroyed  before  it  has 
entered  into  the  fibre  of  the  cloth.  Moreover,  the  back  of  the  piece 
is  uselessly  loaded  with  colour.  In  the  prooesscs  of  printing  with 
indigo  the  losses  are  as  great,  or  even  greater,  and,  in  addition,  such 
Considerable  difficnltics  are  met  with  that  only  a  few  firms  (Potter, 
Grafton  in  Manohostor,  and  Schlieper  in  Elberfcld)  have  been  suc- 
cessful in  this  process.  But  a  still  more  important  fact  remains,  that 
no  printiog  process  exists  in  which  indigo  can  bo  used  in  combination 
with  other  colours  in  the  ordinary  way,  or  without  requiring  some 
special  mode  of  fixing  after  printing.  Hence  it  is  clear  that  the 
weak  points  of  natural  indigo  lie  in  the  absence  of  any  good  process 
for  utilising  the  whole  of  its  colouring  matter,  and  in  the  im|H)8sibility, 
or  at  any  rate,  great  difficulty  of  cmplnying  it  in  the  ordinary  madder 
styles  of  calico  ]>rinting.  Such  were  the  reasons  which  induced  the 
patentees  to  believe  that  although  the  artificial  dye  cannot  be 
mode  at  a  price  to  compete  with  natural  indigo  for  use  in  the 
ordinary  dye-beck,  it  can  even  now  bo  very  largely  used  for  styles 
to  which  the  ordinary  dye-stuff  is  inapplicoble. 

To  begin  with,  Haoyor  employed  (Patent  1177j  grape  sugar  as  a 
redncing  agent.  The  reduction  in  this  case  does  not  take  place  in  the 
cold,  and  even  on  long  standing  only  small  traces  of  indigo  are 
formed,  but  if  heated  to  70°  or  upwards  the  change  takes  plaoi*. 
Unfortunately  this  production  of  indigo-blnc  is  rapidly  followed  by 
its  redaction  to  indigo-white,  and  it  is  somewhiit  difficnlt  in  practice 
to  stop  the  reaction  at  the  right  moment.  But  "  ucceiHrity  is  tiM 
mother  of  invention,"  and  Dr.  Cnro  of  Mannheim,  to  whom  thospwlnr 
W  irreatly  indebted  for  much  of  Ihe  above  information,  found  that 
•odium  xanthate  is  free  from  many  of  the  objections  inhircnt  to  the 
glucose  redaction  process,  inasmuch  as  the  reaction  then  giMts  on  in 
the  eold.  MoreoTer,  ho  fiud«  that  tho  red  iaomerido  of  indigu-blu«t, 
Indirubin,  which  possesses  a  splendid  red  colour,  also  occurring 
in  natural  indigo,  but  whose  tinctorial  power  is  less  than  that  of 
the  bloe,  is  produced  in  Iom  quantity  in  this  case  than  when 
glucose  is  employed.  On  this  cloth,  alumina  and  iron  murdautt 
may  be  printoo,  and  this  aft<'rwardB  dyod  in  alisarin,  Sic.,  or  this 
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colooring  nutttor  may  also  be  printed  on  the  cloth  and  the  coloiu 
fixed  by  moderate  steaming  without  damage  to  the  indigo-blne.  This 
proceae  is  now  in  actual  use  by  printers  both  in  England  and  on  the 
Continent,  so  that,  thanks  especially  to  the  talent  and  energy  of  Dr. 
Caro,  Baeyer's  diacoTery  has  been  practically  applied  within  the  short 
space  of  twolye  months  of  its  conception.  Operations  on  a  mann- 
factnring  scale  have  been  snccessfnUy  carried  on  in  the  Baden  Sodi 
and  Aniline  Works  at  Ludwigshafen  for  the  last  two  months,  anc 
the  directors  see  no  reason  why  they  should  not  be  able  to  supply  an] 
demand,  however  great,  which  may  be  made  for  ortho-uitro-phenyl- 
propiolic  acid. 

The  proper  way  of  looking  at  this  qnestion  at  present  is,  therefore 
to  consider  ortho-nitro-phonyl-propiolic  acid  and  indigo  as  two  distinc 
products  not  comparable  with  each  other,  iuasmnch  as  the  one  can  b 
put  to  uses  for  which  the  other  is  unfitted,  and  there  is  sorely  scop 
enough  for  both.  8till,  looking  at  the  improvements  which  will  ever 
day  be  made  in  the  manufoctiiriiig  details,  he  muBt  be  a  bold  man  whi 
would  assert  the  impossibility  of  competition  with  indigo  in  all  it 
applications.  For  we  must  remember  that  we  are  only  at  the  he 
ginning  of  these  researches  in  the  indigo  field.  Baoyer  and  othe 
workers  will  not  stay  their  hands,  and  possibly  other  colouriuj 
matters  of  equal  intensity  and  of  equal  stability  to  indigo  may  b 
obtained  &om  other  as  yet  unknown  or  unrecognised  sources,  ani 
it  is  not  improbable  that  those  may  turn  out  to  be  more  formidabl 
oompotitorB  in  the  ro^e  with  natural  indigo  than  ortho-nitro-phenyl 
propiolic  acid. 

Looking  at  this  question  of  the  possible  competition  of  artifici« 
with  the  natural  indigo  from  another  point  of  view,  it  must,  on  th 
other  baud,  bo  borne  in  mind  that  tho  present  mode  of  mannfacturin 
indigo  from  the  plant  is  cztrcmcly  rude  and  imperfect,  and  that  b 
an  improved  and  more  careful  carrying  out  of  the  process,  grea 
saving  in  colouring  matter  may  be  effected,  so  that  it  may  prov 
possible  to  produce  a  purer  article  at  a  lower  price,  and  thus  t 
conntcrbalance  the  production  of  tho  artificial  material. 

The  following  are  the  directions  issued  by  the  patentees  to  oalio 
printers  for  using  the  new  colour : — 


PRINTING  WITH  AriTlFICIAL  INDIGO. 


No.  I.- 


-On  Unprbpabbd  Cloth. 

Standard. 


Take  4  lb.  propiolic  acid  paste  {equal  to  1  lb.  dry  acid),  aud  1  lb 
borax  finely  powdered  ;  mix  well.  Tho  miituro  first  becomes  fluii; 
and  at  lost  turns  stiff.  Then  add  3  quarts  white  Eitarch  thickening 
(wlicnt  stBrc)i),  mix  well,  nnd  strain. 
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Printing  Colour. 

Take  the  above  standard  and  dissolve  in  it  immediately  be/ore 
printing  1  ^  lb.  xnuthato  of  soda,  stir  well,  and  ready  for  use. 

For  lighter  shades  reduce  the  above  printing  colonr  with  ih« 
following:  In  1  gallon  M'hite  Bt&rch  paste  dissolve  1  lb,  xonthate 
of  soda. 

Directions  for  use, — Print  and  dry  as  usual.  The  pieces  ought 
not  to  be  placed  in  immediate  contact  with  drying  cylinders,  or 
otherwise  b©  subjected  to  heat  above  100'  C.  The  indigo-blue  is  best 
developed  by  allowing  the  printed  goods  to  remain  in  a  dry  atmo- 
sphere and  at  an  ordinary  temperature  for  about  48  hours.  Damp  air 
ought  to  be  excluded  as  much  as  possible  until  the  colour  is  fully 
developed.  Then  the  pieces  may  be  passed  through  the  ageing 
machine,  or  steamed  at  low  pressure  if  such  treatment  should  bo 
required  for  fixing  any  other  colour  or  mordant  printed  along  with 
the  iniligo-blue. 

After  the  blue  is  ready  formed,  the  pieces  are  first  thoroughly 
waslied  in  the  w-oshiug  maehiuu  and  then  hniled  in  the  clean  water, 
or  better,  in  a  weak  solution  of  hyposulphite  of  soda  (1  lb.  to  10 
gallons),  antl  at  a  full  boil  for  half  an  hour  in  ortler  tu  volatilise  the 
smell  which  would  otherwise  adhere  to  the  goods. 

Clean  in  a  eoai)-bath,  at  a  temperature  not  above  iO"  C. ;  wash,  dry, 
and  finish. 

Observations. — Wheat  starch  gives  the  beet  results  in  the  colour, 
then  follows  gum  tragacauth.  The  colour  is  considerably  reduced  hj 
using  gum  Senegal,  dark  British  gum,  or  calcined  farina  as  thickening 
materials. 

8o  far  borax  has  answered  best  as  an  alkaline  solvent  of  propiolio 
acid,  it  may  however  be  replaced  in  the  above  standard  by  oceta^ 
of  soda  (from  1  to  1^  lb.)  or  by  6  oz.  pearlosh  or  soda.  Any  excosa 
of  caustic-potash,  or  soda,  destroys  propiolio  acid. 

The  above  standanl  keofis  unchanged  for  any  length  of  time,  it  is 
likewise  not  sensibly  altered  by  a  small  amount  of  xanthato  of  soda, 
but  when  mixed  with  its  full  proportion  of  xanthate,  as  in  the  above 
printing  colour,  it  gradually  loses  strength  after  several  hoars. 

The  xanthnto  ought  therefore  to  be  mixed  with  the  standard 
immediately  before  printing,  and  any  colour  remaining  unused  may 
then  bu  saved  by  mixing  with  the  same  a  large  proportion  of 
starch  ]>a8te. 

Pru|iiolic  acid  may  bo  printed  along  with  aniline  black,  cateoha 
brown  and  drabs,  and  with  alumina  and  iron  mordants  for  madder 
oolonrs. 

After  the  indigo-blue  is  fully  developed,  the  mordants  arc  fixed  in 
the  ordinary  manner,  dyed  with  alizarin,  padded  with  Turkey-red  oil, 
atoMnod,  and  otherwise  treated  as  usual. 

lodigo-bluo,  whether  natural  or  artificial,  snficra  by  prolonged 
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«toamiug  at  liigli  ptami*.  For  this  reason,  only  suuh  stoam  colom 
cnu  be  associated  with  propiolic  acid  as  may  be  fixed  by  short  steamin) 
ut  luw  preasore.  

No.  n. — Oh  Pbkpaukd  Cloth  (for  Fctll  Ssades).       ^B 

Dissolvo  3  lb.  of  santliato  of  soda  in  1  gallon  of  cold  water.  Pai 
tlin  goods  with  tho  above ;  dry,  priut  with  standard,  and  after  printin) 
fiiUuw  the  above  treatment.  The  pieces  may  also  be  first  priute< 
with  xantliato  and  thon  coTcrod  wilh  standard.  Alumina  and  iroi 
uionlunts  fur  madder  colours  may  be  likewise  printed  on  cloth 
prrpared,  or  printed  with  xanthate  of  soda. 


doth  ^ 

4 


The  potential  impnrtance,  from  a  purely  commercial  point  of  nem 
of  the  manufacture,  may  be  judged  of  by  roforcnco  to  the  followini 
titntistice,  showing  that  the  annual  value  of  the  world's  growth  o 
iudigo  is  no  less  than  four  millions  sterling. 

EsnuATEP  Yearly  Avkhace  of  the  PaoDccmow  of  Iinnoo  is  the  World, 

TAKKN    FIIOM    7I1F.   'VuT/ih   CBOP    FOB   A    PeRIUD   OF   TeN    YfaHS. 


Bengdl,  Tirbiiot,  Bcnaros,  uid  N.-W.  India    . . 

Mudrag  and  Kuriwli 

Manilla,  .Tava,  Uombay,  in.       

Central  Amrrira 

Cbina  and  elsewhere,  oonsnmed  in  the  country 


PDwdi  Wciglil.        Fuaiids  S(crUi«. 


8,000,000 
2,200,000 

8,2sb',000 


2,000,000 

100,000 

500,000 

t)00,0«IO 

Say  500,000 


4,000,000 


How  far  the  artificial  will  drive  out  the  natural  colouring  mattei 
from  the  market  cannot,  as  has  been  said,  bo  foreseen.  It  is  interest- 
ing, as  the  only  instance  of  the  kind  on  record,  to  cast  a  glance  a 
the  history  of  tlio  prtHluctiun  of  the  first  of  the  artificial  vegetable 
colouring  matters,  alizarin.  In  this  case  the  increase  in  the 
quantity  i)roduceil  since  its  discovery  in  1869  has  been  enormous 
such  iuik-ed  that  the  artificial  colour  bus  now  entirely  superseded  the 
imtural  one,  to  the  almost  complete  annihilation  of  the  growth  of 
inaddor-root.  It  appears  that  whilst  for  the  ton  years  immediately 
preceding  18G9  the  Rverago  value  of  the  annual  imports  of  madder-ri>ot 
was  over  one  million  sterling,  the  imjwrts  of  the  same  material  during 
last  jx'ttr  (1880)  amoiuiled  only  to21,000i.  The  whole  ilifiereace  being 
made  up  by  the  introduction  of  artificial  alizarin.  In  1868,  no  less 
a  quantity  than  6(1,000  tons  of  mndder-root  were  sent  into  the  market, 
this  containing  600,000  kilos,  of  pure  natural  alizarin.  But  in  ton 
years  later  a  quantity  of  artificial  alizarin  mure  than  equal  to  the  above 
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•mount  was  gent  out  from  the  Toriooa  chemical  factories.  So  that  in 
ten  yean  tho  artificial  production  had  ovcrtukon  the  natural  growth, 
and  tho  300,000  or  400,000  acres  of  Imid  which  hiul  hithert<j  been  used 
for  the  growtli  of  madder,  cmii  henceforward  be  better  employed  in 
growing  corn  or  other  articles  of  food.  According  to  returns,  for 
which  tho  speaker  had  to  thank  Mr.  Porkin,  the  estimated  growth  of 
madder  in  the  world  prorious  to  1869  was  90,000  tons,  of  the  average 
value  of  45/.  per  ton,  represc^nting  a  total  of  4,050,000/. 

Laat  year  (1880)  the  estimated  production  of  the  artificial  colonring 
natter  was  14,000  tons,  but  this  contains  only  10  per  cent,  of  pure 
slixarin.  Reckoning  1  ton  of  the  artificial  coloiiring  matter  as  equal 
to  9  tons  of  madder,  tho  whole  artificial  product  is  equivalent  to 
12G,000  tons  of  madder.  The  present  value  of  these  14,000  tons  of 
alizarin  paste,  at  122/.  per  ton,  is  1,568,000/.  That  of  126,000  tons  of 
niatlder  at  45/.  is  5,670,000/.,  or  a  saving  is  effected  by  the  use  of 
alizarin  of  considerably  over  four  millions  sterling.  In  other  words, 
J  wo  got  our  alizarin  dyeing  done  now  for  Ices  than  one-third  of  the 
prioe  which  we  had  to  pay  to  have  it  done  with  madder. 

Our  knowledge   concerning  the   chemistry  of   alizarin  has  also 

i  proportionately  increased  since  the  above  date.     For  whilst  at  that 

I  time  only  one  distinct  body  having  the  al>ove  composition  was  known, 

we  are  now  acquainted  with  no  less  than   nine  out  of  the  ten  di- 

oxyauthroquinones  whoso  existence  is  theoretically  possible,  accr>rding 

■8  the  positions  of  tho  two  Bomi-molecales  of  hydroxyl  ore  changed. 


V^ 


Of  tho  nine  known  di-oxyanthraqninones,  only  one,  viz.  alizarin, 
or  that  in  whicli  tho  hydroxyls  are  contained  in  the  position  1,  3,  is 
actually  used  as  a  colouring  agent.  Then  again,  three  tri-oxyaiitlira- 
qninones.  C,HjO.j(0H)„  are  known.  One  of  these  is  contained  in 
niadilrr-root,  and  has  long  \ioen  known  as  pnrpnrin.  Tho  other  tri- 
osyanthroquinones  can  be  artificially  prepared.  One  ternuxl  anthra- 
puqiuriu  is  an  important  colouring  matter,  c8{H]cially  valuable  to 
Turkey-rod  dyers,  as  giving  a  full  or  fiery  red.  Tho  other,  called 
flavu-purpnrin,  gives  an  orange  dye  with  alumina  mordantn.  All 
these  various  colouring  matters  can  now  be  artificially  prixlnccd,  and 
by  mixing  these  in  varying  proportions  a  far  greater  variety  of  tints 
can  be  obtained  than  was  possible  with  madder  alone,  and  thus  tfa« 
power  of  divanufying  tho  colour  at  will  is  placed  in  the  bonds  of  tho 
dyer  and  calico  printer. 
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It  is  qnito  powible  that  in  an  analogons  my  a  variety  of  shadee  i 
Mna  may  be  ultimately  obtained  from  eubstitated  indigos,  and  thi 
uur  cAtalogue  of  coal-tar  ooloon  may  be  still  further  increased. 

To  Englishmen  it  is  a  somewhat  mortifying  reflection,  that  whil 
the  raw  materials  from  which  aU  these  cool-tar  colours  are  made  ai 
])rodnced  in  onr  country,  the  finished  and  valuable  colours  are  near] 
all  manufactured  in  Germany.  The  crude  and  inexpensiye  materia 
are,  therefore,  exported  by  ne  abroad,  to  be  converted  into  oolou 
having  many  hundred  times  the  value,  and  these  expensive  ooIod 
have  again  to  be  bought  by  English  dyers  and  calico  printe 
for  use  in  our  staple  industries.  The  total  annual  value  of  mani 
foctured  coal-tar  colours  amounts  to  about  throe  and  a  ha 
millions ;  and  as  England  herself,  though  furnishing  all  the  m 
material,  makes  only  a  small  fraction  of  this  quantity,  but  uses 
large  fraction,  it  is  clear  that  she  loses  the  profit  on  the  raannfactni 
The  causes  of  this  fact,  which  we  must  acknowledge,  vii.  th 
Germany  has  driven  England  out  of  the  field  in  thiH  ira{K>rtant  brant 
of  chemical  manufacture,  are  probably  various.  In  the  first  place,  the 
is  no  doubt  that  much  of  the  German  succe^  is  due  to  the  Ion; 
continued  attention  which  their  uuuicrons  Universities  have  pa 
to  the  cultivation  of  Organic  Chemistry  as  a  pure  science.  F 
this  is  carried  out  with  a  degree  of  completeness,  and  to  an  exte 
to  which  we  in  England  are  as  yet  strangers.  Secondly,  much  aga 
is  to  bo  attributed  to  the  far  more  general  recognition  amoDg 
German  than  amongst  English  men  of  business  of  the  value,  fio 
a  merely  niorcantilo  point  of  view,  of  high  scientific  training.  ] 
proof  of  this  it  may  bo  mentioned,  that  each  of  two  of  the'  large 
German  colour-works  employs  no  less  a  number  than  from  twent 
five  to  thirty  highly  educated  scientific  chemists,  at  salaries  varyii 
from  250Z.  to  500/.  or  600/.  per  annum.  A  third  cause  which  donbtle 
exerts  a  great  influence  in  this  matter  is  the  English  law  of  pateni 
This,  in  the  special  case  of  colouring  matters  at  least,  offers  i 
protection  to  English  patentees  against  foreign  infringement,  for  wbc 
these  colours  are  once  on  the  goods  they  cannot  be  identifict 
Foreign  infringers  can  thus  lower  the  price  so  that  only  the  patente 
if  skilful,  can  compete  against  them,  and  no  English  liceuoees  of  tb 
patent  can  exist.  This  may  to  some  extent  account  for  the  reluctanc 
which  Eiiglish  capitalists  feel  in  embarking  in  the  manufacture  c 
artificial  colouring  matters.  That  England  ]x>Bse6Bes  both  in  th 
Bcientific  and  in  the  practical  direction  ability  equal  to  the  occosio 
none  can  doubt.  But  bo  that  as  it  may,  the  whole  honour  of  th 
discovery  of  artificial  iiidij^o  belongs  to  Germany  and  to  the  die 
tinguished  chemist  Professor  Adolf  Bacyer,  whilst  towards  th 
solution  of  the  difficult  problem  of  its  economic  manufacture  tbi 
first  successful  steps  have  been  taken  by  Dr.  Caro  and  the  Badci 
Aniline  and  Soda  Works  of  Mannheim. 

[H.  E.  R.] 
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WEEKLY  EVENING  MEETING, 
Fridny,  Fob.  18,  1881. 
TaoMAB  Boycott,  Esq.  M.D.  F.L.8.  Vioe-Preeulont,  in  Uie  Chaj^ 

S»  JoHM  LoBBooK,  Bart  M.P.  D.C.L,  LL.D.  F.R.S.  irBJ!S-^_ 
Pres.  Linn.  Sao.  ^^^-^ '' 

FruUi  and  Seeds. 

Otm  eloqnent  conntrymBn,  Mr.  RnBkin,  commences  his  work  on 
Flowers  by  •  somewhat  severe  criticism  of  his  predecessors.  Ho 
reproduces  a  page  from  a  valoablu  but  somewhat  antic^iiatod  work, 
•  Curtis'  Magazine,'  which  ho  alleges  to  be  "  charoctoristic  of  botanical 
books  and  botanical  science,  not  to  say  all  science,"  and  complains 
bitterly  that  it  is  a  string  of  names  and  technical  terms.  No  doubt 
that  unfortnnate  page  docs  contain  a  list  of  synonyms,  and  long 
words.  But  in  order  to  identify  a  plant  yon  must  have  synonyms 
and  technical  terms,  just  as  to  learn  a  language  you  must  have  a  dic- 
tionary. To  complain  of  this  would  be  to  resemble  the  man  who 
aaid  that  Johnson's  Dictionary  was  dry  and  disjointed  reading.  Rut 
no  one  would  attiimpt  to  judge  the  literature  of  a  country  by  reading 
a  dictionary.  Neither  con  wo  estimate  the  interest  of  a  science  by 
reading  technical  deacriptions.  On  the  other  hand,  it  is  impossible 
lo  giro  a  satififikotory  description  of  an  animal  or  plant  except  in 
strict  technical  language. 

Let  me  rcprodnco  a  description  which  Mr.  Raskin  has  given 
of  the  Swallow,  and  which,  indee<l,  he  says  in  his  lecture  on  that 
bird,  is  the  only  true  description  that  could  bo  given.  Uis  IctTttiro 
was  delivered  before  the  University  of  Oxford,  and  is,  I  nec<l  hardly 
■ay,  ntoet  interesting.  Now,  how  does  ho  describe  a  swallow  9  You 
Mn,  ho  nya,  "only  rightly  describe  the  bird  by  the  resemblances 
Mtd  images  of  what  it  seems  to  have  changetl  from,  then  adding  thu 
fantastic  and  beautiful  contrast  of  the  unimaginable  change.  It  is  an 
owl  that  has  been  trained  by  the  Graces.  It  is  a  bat  that  loves  tho 
morning  light.  It  is  tho  ai'-rial  reflection  of  a  dolphin.  It  is  the 
tondnr  d<imesticatinn  of  o  trout."  That  is,  no  doubt,  vcrv  poetical, 
bnt  it  would  lie  nbsolntcly  usttlcjis  as  a  soiuntitic  description,  ami.  I 
must  confess,  wonld  never  hav«  suggested,  to  me  at  least,  the  idea 
of  a  swallow. 

But  though  teohnical  terms  are  very  nooeiaaty  in  soienco,  I  shall 
endeavour,  as  far  as  I  can,  to  avoid  them  here.  As,  however,  it  will 
be  iapoMtblu  for  mo  to  do  so  altogether,  I  will  do  my  best  at  Uio 
eoaaMBeement  to  uinko  them  as  clear  as  pMsiblo,  and  I  must 
therefore  ask   those  who  bavo  already  lookoii  iutw  tlto  aubjcot,  to 
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purdon  me  if,  for  a  few  Tnomonte,  I  go  into  rery  eleioeiitarj  facta, 
order  to  tmderstaud  tko  Btrnctoro  of  the  eeed,  we  tnuat  commi 
with  the  flower,  to  which  the  seed  owes  its  origin.  Now  if  yon 
«iuch  a  flower  as,  aay.  a  Goraninm,  joa  will  find  that  it  consists  oi 
following  parts  :  Firstly,  there  is  a  whorl  of  greon  Icavoe,  knowi 
the  sep^  and  together  forming  the  calyx;  secondly,  a  whor 
oolored  leaves,  or  petals,  generally  forming  the  most  coDspici 
part  of  the  flower,  and  called  the  corolla  ;  thirdly,  a  whorl  of  orj 
moro  or  less  like  pins,  which  are  called  stamens ;  and  in  the  head 
anthers,  of  which  the  pollen  is  produced.  Those  anthers  an 
reality,  as  Goethe  showed,  modified  leaves;  in  the  so-called  do 
flowers,  as,  for  instance,  in  our  garden  roses,  they  are  developed 
colored  leaves  like  those  of  the  corolla,  and  monstrous  flowers 
not  nnfreqnently  met  with,  in  which  the  stamens  are  green  let 
more  or  less  resembling  the  ordinary  leaves  of  the  plant.  Last! 
the  centre  of  the  flower  is  the  pistil,  which  also  is  theoretically  i 
considered  as  constituted  of  one  or  moro  leaves,  each  of  whio 
folded  on  itself,  and  called  a  carpel.  Sometimes  there  is  only 
carpel.  Generally  the  carpels  have  so  completely  lost  the  apj 
anco  of  leaves,  that  this  explanation  of  their  true  nature  requii 
certain  omnunt  of  faith.  The  base  of  the  pistil  is  the  ovary,  c 
posed,  as  I  hove  just  mentioned,  of  one  or  more  carpels,  iii  w 
the  seeds  are  developed.  I  need  hardly  say  that  many  bo-C( 
seeds  are  really  fruit ;  that  is  to  say,  they  ore  seeds  with  more  or 
complex  envolopee. 

We  all  know  that  seeds  and   fruits  difier  greatly  in  diflc 
species.     Some  are  large,  some  sniall ;  some  are  sweet,  some  bi 
some  are  brightly  colored,  some  are  good  to  cat,  some  poisoz 
some  spherical,  soma  winged,  some  covore<l  with  bristles,  some 
hairs,  some  are  smooth,  some  very  sticky  ;  und  we  may  be  sure 
there  are  good  reasons  for  those  differences. 

In  the  case  of  flowers,  much  light  has  been  thrown  on  their  vai 
interesting  peculiarities  by  the  researches  of  Sprengel,  Dar 
Miillcr,  aud  other  naturalists.  As  regards  seeds  also,  bet 
Gicrtner's  great  work,  Hildobrand,  Krause,  Stoinbrinck,  Kei 
Grout  Allen,  Wallace,  Darwin,  and  others,  have  published  valu 
researches,  especially  with  reference  to  the  hairs  and  hooks  ' 
which  so  many  B6e<ls  are  providetl,  and  the  other  meaus  of  dispef 
they  possess.  Nobbe  also  has  contributed  an  important  work 
seeds,  principally  from  an  agricultural  point  of  view,  but  the  sul 
as  a  whole  offers  a  most  promising  field  for  investigation.  ] 
rather  with  a  view  of  suggesting  this  branch  of  science  to  you,  t 
of  attempting  to  supply  tho  want  myself,  that  I  now  propose  to 
your  attention  to  it.  In  doing  so  I  must,  in  the  first  place,  exp 
my  acknowlodgiuonts  to  Mr.  Baker,  Mr.  Corruthers,  Mr.  Hems 
and  specially  to  Mr.  Thisolton  Dyor  and  Sir  Joseph  Hooker, 
their  kiud  and  most  valuable  assistance. 

It  is  said  tbat  one  of  our  best  botanists  once  observed  to  and 


1881.] 


OH  Fruits  and  Seedi. 


597 


I 


I 


that  he  never  conld  understand  whnt  vras  the  use  of  the  teeth  on  the 
capsnles  of  mossoe.  "  Oh,"  replied  his  friend,  "  I  boo  no  difficolty  in 
that,  becanso  if  it  were  not  for  the  teeth,  how  conld  we  distingnish 
the  spocioe  ?  "  Wo  may,  however,  no  doubt,  Bafelj  consider  that  the 
peculiarities  of  seeds  have  reference  to  the  plant  itself,  and  not  to  the 
convenience  of  botanists. 

In  the  first  place,  then,  during  growth,  seeds  in  many  caaee 
require  protection.  This  is  especially  tho  case  with  those  of  an 
albuminous  character.  It  is  ciirious  that  so  many  of  those  which 
are  luscions  when  ripe,  as  tho  Poach,  Strawberry,  Cherry,  Apple, 
fto.,  are  stringy,  and  almost  inedible,  till  ripe.  Moreover,  in  those 
ouet,  the  fleshy  portion  is  not  the  seed  itself,  bat  only  tho  enve- 
lope, so  that  even  if  the  sweet  part  is  eaten  the  seed  itself  remains 
uninjured. 

On  tho  other  hand,  such  seeds  as  the  Hazel,  Beech,  Spanish  Chest- 
nut, and  innumerable  others,  are  protected  by  a  thick,  impervious 
Bholl,  which  is  especially  developed  in  many  Proteacc»,  the  Brazil- 
nut,  tlie  so-called  Monkey-pot,  the  Cocoa-nut,  and  other  palms. 

In  other  cases  the  envelopes  protect  the  seeds,  not  only  by  their 
thickneas  and  toughness,  but  also  by  their  bitter  taste,  as,  for  instance, 
in  the  Walnut  The  gonns  Mxicuna,  one  of  the  LegnminosK,  is 
remarkable  in  having  the  pods  covered  with  stinging  hairs. 

In  many  cases  ripening  of  the  seed  is  accompanied  by  important 
movements  of  the  neighbouring  organs.  In  some,  for  instance,  tho 
calyx,  which  is  closed  when  tho  flower  is  in  bnd,  opens  when  the  flower 
expands,  and  then,  after  the  petals  have  fallen,  closes  again  until  the 
seeds  are  ripe,  when  it  oi)cns  for  tho  second  time.  This  is  the  case 
with  the  common  Ilerb  Robert  (Geranium  r<]herlianum\.  In  Atractylit 
taHeeUata,  a  South  European  plant,  allied  to  tho  thistles,  the  outer 
envelopes  form  an  exquisite  little  cage.  Another  case,  perhaps,  is 
that  of  NigelLi,  tho  "  Devil-in-a-hnsli,"  or,  as  it  is  sometimes  more 
prettily  called,  "  Lovo-in-a-mi8t,"  of  old  English  gardens. 

Again,  the  protection  of  the  seed  is  in  many  cases  attained  by 
onrioos  movements  of  tho  plant  itself.  In  fact,  plants  move  much 
more  than  is  generally  supposed.  So  far  from  being  motionless,  they 
may  almost  be  said  to  be  in  perpetual  movement,  though  tho  changes 
of  position  are  generally  so  slow  that  they  do  not  attract  attention. 
This  is  not,  however,  aln-ays  the  case.  We  are  all  familiar  with  tho 
Sensitivo  Plant,  wliiob  droops  its  loaves  when  touched.  Another 
■pedes  (Arerrhoa  bilimbi)  has  leaves  like  those  of  an  Acacia,  and  all 
day  tho  leaflets  go  slowly  up  and  down.  DmsmmUhm  gynm»,  m  sort  of 
pea  living  in  India,  has  trifoliate  loaves,  the  lateral  leaflets  being 
■mall  and  narrow ;  and  those  leaflets,  as  wan  Crnt  observed  by  Lady 
Monson,  are  perpetually  moving  round  and  round,  whence  tho  M|Mx:ific 
name  gyram.  In  these  two  cases  tho  object  of  tho  movement  in  quite 
unknown  to  ns.  In  IHimcea,  on  tLc  other  hand,  the  leaves  fumt  a 
regular  fly-trap.  Directly  an  insect  alights  on  them  they  shut  np 
with  a  map. 
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In  ft  grcnt  many  cosob  Imtcs  ktc  said  to  sleep  ;  Uiat  is  to  say, 
tho  approach  of  iiigbt  tbey  change  their  position,  and  sometimee  fo 
theiuBclTos  np,  Ihas  presenting  a  enialler  surface  for  radiation,  &i 
being  in  conaequenoo  lem  exposed  to  cold.  Mr.  Darwin  has  prov< 
ezperimont&lly  that  leaves  which  were  prevented  from  moving  suffer 
more  from  cold  than  those  which  were  allowed  to  a£8nmo  their  natoi 
position.  He  has  also  observed  with  reference  to  ono  plant,  Mnran 
arundinacea,  the  Arrowroot,  a  West  Indian  species  allieil  to  Cam 
that  if  tho  plant  has  had  a  severe  shock  it  cannot  get  to  sleep  for  ti 
next  two  or  three  nights. 

Tho  sleep  of  flowers  is  also  probably  a  case  of  tho  same  Idn 
thongb,  as  I  have  elsewhere  attempted  to  show,  it  bos  now,  I  belies 
special  rcferenoe  to  tho  visits  of  insects;  those  flowers  which  ■ 
fertilised  by  bees,  butterflies,  and  other  day  insects,  sleep  by  nigl 
if  at  all ;  while  those  which  are  dependent  on  moths  ronso  themselv 
towards  evening,  as  already  mentioned,  and  sleep  by  day.  The 
motions,  indeed,  have  but  an  indirect  reference  to  our  present  snbjei 
On  tho  other  hand,  in  tho  Dandelion  (LetmUxlon),  tho  flower-stalk 
nprigbt  while  the  flower  is  expanded,  a  period  which  lasts  for  three 
four  days  ;  it  tlion  lowers  itself  and  lies  close  to  the  ground  for  abo 
twelve  days,  while  tho  fruits  are  ripening,  and  then  rises  again  whi 
they  arc  iiiaturo.  In  the  Cyclamen  the  stalk  curls  itself  np  into 
beautiful  spiral  after  tho  flower  bos  faded. 

Tho  flower  of  tho  little  Linaria  of  our  walls  (L.  rymhalaria)  push 
out  into  the  light  and  sunshine,  but  as  soon  as  it  is  fertilised  it  tor 
round  and  endeavours  to  find  some  hole  or  cranny  iu  which  it  mi 
remain  safely  ensconced  until  the  seed  is  ripe. 

In  somo  water  plants  tho  flower  expands  at  tho  surface,  but  after 
is  faded  retreats  again  to  tho  bottom.  Tliis  is  tho  case,  for  iustanc 
with  the  Water  Lilies,  somo  species  of  Potamogoton,  Trapa  natant,  & 
In  Valimteria,  again,  the  fomale  flowers  (Fig.  1  a)  are  borne  on  loi 
stalks,  which  reach  to  tho  surface  of  tho  water,  on  which  the  flowe 
float.  Tho  male  flowers  (Fig.  1  h),  on  the  contrary,  have  sbo) 
stTAight  stalks,  from  which,  when  mature,  tho  pollen  (Fig.  1 
detaches  itself,  rises  to  the  surface,  aud,  floating  freely  on  it, 
wafted  about,  bo  that  it  comes  in  contact  with  tho  female  flower 
After  fertilisation,  however,  tho  long  stalk  coils  up  spirally,  and  thi 
carries  tho  ovary  down  to  the  bottom,  where  tho  seeds  can  ripen  ; 
greater  safety. 

Tho  next  points  to  which  I  will  direct  your  attention  are  the  moai 
of  dispersion  possessed  by  many  seeds.  Farmers  have  foimd  b 
experience  that  it  is  not  desirable  to  grow  the  same  crop  in  the  Sam 
field  year  after  yeor,  bocanso  tho  soil  becomes  more  or  less  exhaustei 
In  this  respect,  therefore,  tho  powers  of  dispersion  possessed  by  man 
seeds  are  a  great  advantage  to  tho  species.  Moreover,  they  are  als 
advantagooua  in  giving  the  seed  a  chnuco  of  germinating  in  noi 
loculitioa  suitable  to  tlio  re<]uiromout8  of  the  species.  Thus 
common  Eur<>i)oaD  species,  Xanlliium  gpinosum,  has  rapidly  sprcai 
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over  tho  wliole  of  Soutb  Africa,  tlie  scods  boing  carriod  in  tbo  wool 
of  sheep.  From  various  considemtions,  however,  it  Btieins  probftblo 
that  in  most  ciwos  tho  provision  does  not  contemplate  a  dispersion  for 
more  than  a  short  distance. 

I  have  already  referred  to  the  case  of  the  Common  Dandelion. 
Here  tho  flower-atalk  stands  more  or  less  upright  while  tho  flower  is 
expanded,  a  period  which  gouorally  lasts  for  three  or  four  days.     It 

Fio.  I. 


'tiien  lowers  it«clf,  and  lica  more  or  less  horizontally  and  oonoealed 
during   tho   time   tho  Bocds  arc  nmtnriiig,  which  in  our  anmmora 

^OoeopioB  about  twelve  days.     It  then  again  riMC,  and,  beoomiDg  almost 

Icrwt,  fooilitatcfl  tho  dispersion  nf  tlie  Meds,  or,  BpeakiDg  botanioaU<r. 

'  fbfi  fruits,  by  the  wind.  Some  plants,  as  we  oholf  MO,  oToa  aow  thoir 
•eeda  in  the  grunud,  but  these  cases  will  bo  roforrod  to  lat<ir  nn. 
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In  other  oasee  the  pluit  throws  its  own  seeds  to  some  little  disi 
This  is  the  cue  with  the  common  Cardatnine  hirmUa,  a  little  plan 
do  not  like  to  call  it  a  weed — six  or  eight  inches  high,  which  com* 
of  iteolf  abundantly  on  any  vacant  spot  in  our  kitchcn-gordeii 
shruhborioH,  and  which  ranch  resembles  that  represented  in  Fig 
but  without  the  snbtcrruuean  pods  b.  The  seeds  are  contained 
pod  which  consists  of  three  parts,  a  central  membrane,  and  two  la 
walls.  When  the  pod  is  ripe  the  walls  are  in  a  state  of  tension. 
seeds  arc  loosely  attached  to  the  central  piece  by  short  stalks.  I 
when  the  proper  moment  has  arrived,  the  outer  walls  are  kept  i 


Viola  hirta. 
a,  ^ouilg  bod ;  b,  ripe  seed  ctp«al<>. 


by  a  delicate  membrane,  only  just  strong  enough  to  resist  the  tens: 
The  least  touch,  for  instance  a  puff  of  wind  blowing  tho  plant  aga: 
a  neighbour,  detaches  tho  outer  wall,  which  suddenly  rolls  itself 
generally  with  such  force  as  to  fly  from  tho  plant,  thus  jerking 
seeds  to  a  distance  of  several  foot. 

In  tho  common  violets,  beside  the  colored  flowers,  there  are  otl 
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in  which  the  corolla  is  either  abBcnt  or  imperfectly  developed.  The 
stameiiB  also  are  gmall,  bat  contain  pollen,  though  lose  than  in  the 
colored  flowers.  In  the  autumn  large  numbers  of  theae  curious 
flowers  are  produced.  When  rcry  young  they  resemble  an  ordinary 
flower-bud  (Figs.  2  and  3  a),  the  central  port  of  the  flower  being 
entirely  covered  by  the  sepals,  and  the  whole  having  a  triangular  form. 
When  older  (Figs.  2  and  3  6)  they  look  at  tirst  sight  like  an  ordinary 
seed-capsule,  so  that  the  bud  seems  to  pass  into  the  capsule  without 
the  flower-stage.  The  ]>ansy  violets  do  not  possess  tlicso  interesting 
flowers.  In  the  Sweet  Violet  (  V.  odorata  and  F.  hiria,  Fig.  i)  they 
may  easily  bo  found,  by  searching  among  the  leaves,  nestling  close  to 
the  ground.     It  is  often  said,  for  instance  by  Tanoher,  that  Uie  plants 

Km.  3. 
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actually  force  these  capanles  into  the  ground,  and  thus  sow  their  own 
seeds.  I  have  not,  however,  found  tliis  to  be  the  case,  though  as  the 
stalk  elongates,  and  tlie  point  of  the  capsule  turns  downwards,  if  ths 
earth  be  loose  and  uneven,  it  will  no  doubt  sometimes  so  happen. 
When  the  seeds  are  fully  ripe,  the  otpsolo  opens  by  throe  valves  sod 
allows  them  to  escape. 

In  the  Dog  Violet  (  V.  eanina.  Fig.  3)  the  case  is  vory  diffurout. 
Ths  ospsnlM  are  loss  flodiy,  and  though  peodoot  when  young,  at 
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matoritj  Uioy  orect  themselves  (Fig.  8  e),  staud  up  boldly  above 
reel  of  tho  plant,  and  open  by  tbo  tbrco  equal  Talves  (Fig.  4] 
seiubling  an  inverted  trii>od.  Each  valve  contains  a  ronr  of  three,  f 
or  five  brown,  smooth,  pear-Bhapod  seeds,  slightly  flattened  at  the  op 
wider  end.  Now  the  two  walls  of  Cftch  valve,  as  they  become  di 
contract,  and  thus  approach  one  another,  thus  tending  to  sqaeoae 
the  seeds.  These  resist  some  time,  but  at  length  the  attacbmen 
the  seed  to  its  base  gives  way,  and  it  is  ejected  several  feet,  this  be 
no  doubt  much  facilitated  by  its  form  and  smoothnesa  I  have  knc 
even  a  gathered  sftccimcn  throw  a  seed  nearly  10  feet.  Fig.  6  rej 
sents  a  ca])8ule  after  tbo  seeds  have  been  ejected. 

Now  we  naturally  ask  ourselves  what  is  the  reason  for  this  differe 
between  the  spocios  of  violets ;  why  do  V.  otUyrata  and  V.  hirta  cone 
their  cnpsnlcs  among  the  moss  and  loaves  on  tho  gronnd,  wl 
F.  eanina  and  others  raise  theirs  boldly  above  their  heads,  and  thi 
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TtoZa  eanina — soed-vossel 

witli  eocd. 


r  the  seeds  to  seek  their  fortnno  in  ttie  world  ?     If  this  arrangement 

'  best  for  V.  eanina,  why  has  not    V.  odorala  also  adopted  it?     1 

reason  is,  I  believe,  to  bo  found  in  tho  different  modo  of  grov 
of  these  two  Bpeoic& 

V.  eanina  is  a  plant  with  an  elongated  stalk,  and  it  is  easy  the 
foro  for  tho  capsule  to  raise  itself  above  the  grass  and  other  1 
hcrbago  among  which  violets  grow.  F,  odorala  and  V.  hirta,  on  i 
contrary,  have,  in  ordinary  parlance,  no  stalk,  and  tho  leaves  t 
radical,  i.  o.  rising  from  tho  root.  This  is  at  least  the  case  in  appe 
ance,  for,  botanic^lly  speaking,  thoy  rise  at  tho  end  of  a  short  sta 
Now,  under  those  circumstances,  if  the  Swoot  Violet  attempted  to  shi 
its  sooda,  tbo  capsules  not  being  snfGciently  elevated,  tbo  seeds  wot 
merely  strike  against  some  neighbouring  leaf,  and  immediately  fall 
the  ground.  Hence,  I  think,  we  see  that  tho  arrangement  of  tho  capsi 
in  each  species  is  that  most  suitable  to  the  gonoral  habit  of  tho  pla 


Tib/ci  ccminit — aeed-veaoel 
nftur  ejecting  tho  seed. 
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In  the  tmo  goranhims  ngnin,  na  for  inBtnnco  in  tlio  Ilcrb  Robert 
(Fig.  C),  after  tlio  flower  bos  fotlud,  the  central  axis  gradnally  elongates 
(Fig.  6  e  d).  Tbe  soods,  Sto  in  number,  nro  eituatod  at  tbo  base  of 
the  column,  cacb  being  cnclose<l  in  a  ea[>8nle,  whicb  terminntcs 
upwards  in  a  rod-like  portion,  wbich  at  first  forms  part  of  tbo  central 
axis,  bat  gradually  detaches  itself.     When  the  seeds  ore  ripe  the  ovary 
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The  Uuri>  Bobwt  (GmmAm  ralaHfamm). 

i^tail  k,  flown;  c,ao«««nerlhr|ct>Ub*««tdiaii  t, 
mmity  ripe;  •,  flawrr  nlUi  t1p»M«4t;/,  flovaraB 


raises  itself  into  an  upright  position  (Fig.  6  «) ;  the  onter  layora  of 
the  rod-like  tcrminatiou  of  toe  seod-cspaule  come  to  be  in  a  state  of 
great  tension,  and  ovontnally  detach  the  rod  with  a  jerk,  and  tliuit 
throw  the  seed  some  little  distance.  Fig.  6  /  represents  the  central 
vod  sAar  tbe  woda  luiTtt  beoB  thrown.    laaoiMf^MiMiMfoiri' 
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in  Oeranium  dimeetum.  Fig.  7,  the  oftpaolA-rod  renudna  attAched  U 
central  column  and  the  seed  only  is  ejected. 

It  will,  however,  be  remembered  that  the  capBiile  is,  as  air 
obeervod,  a  leaf  folded  on  itself,  with  the  edges  inwards,  and  in  fa 
the  Geranium  the  socd-chamber  opens  on  its  inner  side.  Ton 
therefore,  naturally  observe  to  me  that  when  the  carpel  bursts  ontwi 
the  only  effoct  would  bo  that  the  seed  would  be  forced  agaiiul 
outer  wall  of  the  carpel,  and  that  it  would  not  be  ejected,  becailM 
opening  is  not  on  the  outer  but  on  the  inner  side.  Tour  reinai 
perfectly  just,  bat  the  difficulty  has  been  foreseen  by  our  Oe 
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Geranium  duatxtum. 

0,  Jim  before  tbrowtng  seed ;  b,  Jiwt  after  throwing  wtd ;  c,  the  capiule  Mill 
•tiAcbcd  to  tin  rod ',  d,  Ibe  leed. 
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and  is  overcome  by  them  in  different  ways.  In  some  species,  i 
instance  in  Geranium  dU»ectum,  a  short  time  before  the  dehiscenot 
seed-chamber  places  itself  at  right  angles  to  the  pillar  (Fig. 
The  edges  then  separate,  bnt  they  are  provided  with  a  fringe  of] 
just  strong  enough  to  retain  the  seed  in  its  position,  yet  snfBci' 
elastic  to  allow  it  to  escape  when  the  carpels  burst  away,  rei 
ing  attached,  however,  to  the  central  pUlar  by  their  upper 
(Pig.  7  c). 

In  the  common  Herb  Robert  (Fig.  8),  and  some  other  speoiet 
arrangement  is  somewhat  different.      In  the  first  place  the  v 
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carpel  sprinpB  away  (Fig.  8  6  and  c).  The  sood-chambcr  (Fig.  8  e) 
detaches  itself  from  tho  rod  of  the  carpel  (Fig.  86),  and  when  the  seed 
is  flung  away  remains  attached  to  it.  Under  these  circumstances  it  is 
unnecessary  for  tho  chamber  to  raise  itself  from  the  central  pillar,  to 
which  accordingly  it  remains  close  nntil  the  moment  of  disruption 
(Fig.  6  «).  The  seed-chambor  is  moreover  held  in  place  by  a  short 
tongue  which  projects  a  little  way  over  its  base  ;  while,  on  the  other 
hand,  tho  lower  end  of  the  rod  passes  for  a  short  distance  between  the 
Bood-capsule  and  the  central  pillar.  The  seed-capsule  has  also  near 
its  apex  a  curious  tuft  of  silky  hair  (Fig.  8  r\,  tlie  use  of  which  I  will 
not  here  stop  to  discuss.     As  the  result  of  all  this  complex  mechanism 

Fin.  8. 
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[tho  Meda,  when  ripe,  are  flung  to  a  distance  which  is  surprising  when 

Iwe  oonaider  how  small  the  spring  is.      In  their  natural  habitat  it  is 

Bt  impossible  to  find  tho  seeds  when  once  thrown.     I  therefore 

brought  some  into  tlie  hooae  and  placed  them  on  my  billiard-table. 

They  were  thrown  from  one  end  completely  orer  the  other,  in  Bomo 

OMea  more  than  twenty  feet. 

Some  speciea  of  vetch,  again,  and  the  common  broom,  throw  thoir 
■eeda,  owing  to  tho  elasticity  of  the  pods,  which,  when  ripe,  open 
suddenly  with  a  jerk.  Each  valve  of  the  pod  contains  a  layer  of 
woody  cells,  which,  however,  do  nut  {lass  straight  up  tho  pod,  bat  aro 


man  or  less  inclined  tu  iteaxis  (Fig.  9).  Conseqncntly,  wbcn  the  poi 
bants  it  docs  not,  as  iu  the  case  of  Canlaniinc,  ruU  up  like  a  natcb 
npring,  bnt  twists  itself  moro  or  leas  like  a  corksorew. 

I  hnre  mentioned  these  species  becanso  they  are  somo  of  our  com' 
moncBt  wild  flowcro,  so  that  dnring  the  summer  and  antumn  wc  xaaj 
in  almost  any  walk,  obsenro  for  ourselvos  this  iuDoccnt  artillery 
There  are,  however,  many  other  more  or  less  similar  cases.  Thns  ihi 
Squirting  Cucumber  {Momordica  c/a/munt),  a  common  plant  in  thi 
south  of  Europe,  and  one  grown  in  some  places  fur  medicinal  purpoeei 
cflccts  the  same  object  by  a  totally  different  tnochanifim.  The  fruit  i 
a  small  encumber  (Fig.  10),  and  when  rii>o  it  becomes  so  gorged  wit} 
fluid  that  it  is  iu  a  state  of  great  tension.      In  this  condition  a  \ 

Fio  9. 


Vicia  Sephim, 
Tbc  line  a  b  sbowt  tlic  dliKilon  of  Uie  wnudjr  flbrea. 


Tlie  Squirting  Cucumlwr 
(;l/unior(/i<x>  elaterium). 


Blight  touch  is  Buflioiont  to  detach  it  from  the  Rtalk,  when  the  prossnr 
of  the  walls  ejects  tlio  contents,  throwing  the  seed  some  distance.  I' 
this  case  of  courBo  tho  contents  are  cjccteil  nt  the  end  by  which  th 
encumber  is  attached  to  the  stalk.  If  any  one  touches  one  of  thes 
ripe  fmits,  they  ore  often  thro\yn  with  such  force  as  to  strike  him  ij 
tho  face.     In  this  the  action  is  said  to  bo  duo  to  endosmosis. 

In  Cijclanthcra,  a  plant  allied  to  tho  cucumber,  tho  fruit  is  unsyro 
metrical,  one  side  being  round  and  hairy,  the  other  nearly  flat  an< 
Bmooth.  The  true  apex  of  tho  fruit,  which  bears  the  remains  of  th> 
flower,  is  also  somewhat  eccentric,  and,  when  the  seeds  are  ripo,  if  i 
is  touched  even  lightly,  tho  fruit  ciplodos  and  tho  seeds  are  thrown  U 
some  distance.     The  mechanism  by  which  this  is  effected  has  beci 
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ili'scribcd  by  IliMubrauJ.  The  interior  of  tho  fruit  is  occupied  by  looM 
cellular  Btrttctorc.  Tho  central  column,  or  plocontit,  to  which  the 
Bocds  are  attached,  lies  loosely  in  this  titeiic.  Through  tho  solution 
of  its  earlier  attachments,  when  tho  fruit  is  ripo,  tho  coluinu  adheres 
only  at  the  apical  end,  under  the  withered  remains  of  tho  flower,  and 
at  the  swollen  side.  When  tho  fruit  bursts  tho  placenta  unrolls,  and 
thus  hurls  the  seeds  to  B<imo  distance,  being  even  itself  sometimes  also 
torn  away  from  its  attachment. 

Other  cases  of  projected  seeds  are  afforded  by  Hura  one  of  the 
E»phorhi<B,  CvUomia,  Oxitlis,  some  species  allied  to  Acanthus,  and  by 
Aretntkobium,  a  plant  allied  to  tho  mistletoe,  and  parasitic  on  Juni])cr8, 
which  ojoots  its  seeds  to  a  distauco  of  several  feet,  throwing  them  thus 
from  one  tree  to  another. 

Etoii  those  species  which  do  not  eject  their  seeds  often  have  them 
•o  pIa4X)d  with  reference  to  the  capsule  that  they  only  leave  it  if 
awnng  or  jerked  by  a  high  wind.  In  the  case  of  trees,  even  seeds 
with  no  special  adaptation  fur  dispersion  must  in  this  manner  bo  often 
carried  to  no  little  distance  ;  and  to  a  certain, 
though  less  extent,  this  must  hold  good  even 
with  herbaceous  plants.  It  throws  light  on  the, 
at  first  sight,  curious  fact  tliat  in  so  many  plants 
with  small,  heavy  seeds,  the  capsules  oi>eu  not  at 
the  bottom,  as  one  might  ])erhaps  have  boon  dis- 
posed to  expect,  but  at  tlio  top.  A  good  illus- 
tration is  afforded  by  the  well-known  case  of  the 
Common  Poppy  (Fig.  11),  in  which  tho  upper 
part  of  the  capsule  picscntt)  a  scries  of  little  doors 
(Fig.  II  a),  through  which,  when  tho  plant  is 
swung  by  the  wiu<l,  tlic  seeds  oome  out  one  by 
one.  The  little  doors  are  protected  from  rain 
br  overhanging  caves,  and  are  even  said  to  shut 
«  themnlves  in  wet  weather.  The  genns 
Camptmvla  is  also  interesting  from  this  point  of 
Tiow,  because  some  species  have  the  capsulus 
pendent,  some  upright,  and  thuso  wliic^  are 
upright  oi>en  at  the  tup,  while  those  which  are 
pendent  do  so  at  the  base. 

Li  other  cases  the  dispersion  is  mainly  the 
work  of  the  seed  itself.  In  some  of  tlio  lower 
plants,  as,  for  insttince,  in  many  seaweeds,  and  in 
■umo  allied  fn-sh- water  plants,  such  as  Yaueheria, 
llie  spores  *  are  covered  by  vibratile  cilia,  and 
■ctoaily  swim  about  in  tho  water,  like  infusoria, 
till  tbey  bavo  found  a  suitable  spot  on  which  to  grow.  Kay,  so  much 
do  the  spores  of  some  seaweeds  resemble  aniumU,  that  they  ara 
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proTided  with  a  red  "  eye-«pot "  m  it  has  been  called,  which,  at  an 
rate,  seems  so  far  to  deserve  the  name  that  it  appears  to  be  sensitiTe  ■ 
light.  This  mode  of  progression  is,  howeTer,  only  saitablo  to  wate 
plants.  One  group  of  small,  low-organised  plants,  MarchatUia,  dereic 
among  the  spores  a  number  of  cells  with  spirally  thickeneid  waU 
which,  by  their  contractility,  arc  supposed  to  disseminate  the  spore 
In  the  common  Hortto  Tails  (EquUetum),  again,  the  spores  are  pr 
Tided  with  curious  filaments,  terminating  in  expansions,  and  knon 
as  "  elaters."  They  more  with  great  rigour,  and  probably  serve  tl 
same  purpose. 

In  much  more  numerous  cases,  seeds  are  carried  by  the  win 
For  this  of  course  it  is  desirable  that  they  should  be  light.  Som 
times  this  object  is  attained  by  the  character  of  the  tissues  themselre 
sometimes  by  the  presence  of  empty  spaces.  Thus,  in  Valeriand. 
auricula,  the  fruit  contains  throe  cells,  each  of  which  would  natural 
be  expected  to  contain  a  seed.  One  seed  only,  howerer,  is  develope 
but,  as  may  be  seen  from  the  figure  given  in  Mr.  Bentham's  cxcoUei 
'  Handbook  of  tlic  British  Flora,"  tlio  two  cells  which  contain  no  8e« 
actually  booomo  larger  than  the  one  which  alone  might,  at  first  sigh 
seem  to  be  normally  developed.  We  may  be  sure  from  this  that  the 
must  be  of  some  use,  and,  from  their  lightness,  they  probably  cnab 
the  wind  to  carry  the  seed  to  a  greater  distance  than  would  otherwii 
be  the  case. 

Ill  other  instaDces  the  plants  thomselres,  or  parts  of  them,  ai 
rolled  along  the  ground  by  tbo  wind.  An  example  of  this  ia  affordei 
for  instance,  by  a  kind  of  grass  (Sj>ini/ex  itjuarrotiu),  in  which  tl 
mass  of  inflorescence,  forming  a  large  round  head,  is  thus  driron  fi 
mUoB  over  tbo  dry  sands  of  Australia  until  it  comes  to  a  damp  plao 
when  it  expands  and  soon  strikes  root. 

In  Pumilio  argyrolcpig,  an  Australian  Composite,  the  pappus,  c 
portion  corrcBpondiug  to  the  foathercd  crown  of  the  Dandelion  see< 
consists,  as  described  by  Mr.  Darwin,*  of  nine  scales  (or  sepals 
expanded  like  a  flower ;  the  lower  port  of  the  fruit,  which  onoloees  th 
true  seed,  is  bont  nearly  at  a  right  angle,  and  in  form  closely  resemble 
a  human  foot.  The  upper  side  or  instep  is  smooth,  but  the  too  am 
solo,  which  are  about  jV  inch  in  length,  are  covered  with  from  30  to  4' 
littlo  bladders,  each  formed  of  a  thin  skin  and  containing  a  smal 
lump  of  gum.  When  the  frnita  are  moistened  those  bladders  burs 
and  the  gum  exudes.  As  long  then  as  the  fruits  remain  dry,  they  ar 
easily  blown  about  by  the  wind ;  but  as  soon  as  they  alight  on  a  damr 
spot,  the  gum  exudes  and  glues  them  to  the  ground.  If  a  pinch  o 
these  seeds  bo  dropped  on  a  piece  of  paper,  the  greater  number  fal 
upright  like  shuttlecocks,  but  even  if  they  alight  on  one  side  th( 
tendency  of  the  gum  is  to  pull  them  upright,  bo  that  they  look  as  i 
each  had  been  placed  upright  and  carefully  gnmmod.  It  is  not  cleai 
whether  this  position  ia  of  importance  to  the  germination  of  the  seed 
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So,  again,  the  Anatlatiai  hierochimtica,  or  "  Roeo  of  Jericho,"  a 
small  annual  with  rounded  podg,  which  frequents  sandy  places  in 
Egypt,  Syria,  and  Arabia,  when  dry,  cnrls  itself  up  into  a  ball  or 
round  cashiou,  and  is  thus  driven  about  by  the  wind  until  it  finds  a 
damp  place,  when  it  uncurls,  the  pods  open,  and  sow  the  seeds. 


Via.  12. 


TheM  mau,  however,  in  which  aoods  are  rolled  by  the  wind  alona 
th«  ground  are  comparatiroly  rare.  There  are  many  more  in  which 
tooia  are  waft«cl  through  tho  air.  If  you  examine  the  fruit  of  a 
SyoMBORi  yon  will  find  that  it  is  proTidod  witli  a  wing-like  expansion. 
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iu  oonsoqnenoo  of  which,  if  tbero  ia  any  wind  when  it  falls,  it  ia 
though  rather  heavy,  blown  to  some  distanco  from  tho  parent  tree. 
Boveral  cuea  arc  shown  in  Fig.  12 ;  for  instance,  the  Maple  a, 
Byeamore  b,  ITombcani  d.  Elm  c.  Birch  /,  Pine  g.  Fir  h,  and  Aah  t 
whilo  in  tho  Lime,  c,  tho  whole  bunch  of  froits  drops  together,  and 
the  "  bract,"  as  it  is  called,  or  leaf  of  the  flower-atalk,  serres  the  samt 
pnrpose. 

In  a  groat  many  other  plants  tho  same  rcenlt  is  obtained  bj 
flattened  and  expanded  edges.  A  boantiful  example  is  afforded  by  the 
genus  Thytanocarvut,  a  North  American  crucifcr ;  T.  laciniatut  has  a 
distinctly  winged  pod ;  in  T.  cnniipe$  the  wings  are  considerablj 
larger ;  lastly,  in  T.  cU-gan»  and  T.  radiant  tho  pods  are  still  fiirthei 
developed  in  tho  samo  direction,  T.  radians  having  the  wing  vcrj 
broad,  while  in  T.  ele^innt  it  has  become  thinner  and  thinner  in  places, 
untU  at  length  it  shows  a  series  of  p4^rforation8.  Among  our  commoi 
wild  plants  we  lind  wiiigc-d  fruits  in  the  Dock  (Rumex)  and  in  th« 
Common  Parsnip  {Pantinaca).  But  though  in  these  cases  the  objecl 
to  be  obtained — namely,  the  dispersion  of  the  seed — is  effected  in  i 
Finiilar  manner,  there  are  differences  which  might  not  at  first  be  808- 
pecto<l.  Thus  in  some  cascs,  ns,  for  instance,  the  Pine,  it  is  the  seed 
itsi^lf  which  is  winged  ;  in  Thlatpi  artente  it  is  the  pod  ;  in  Entada. 
a  luguniiiioas  jilnnt,  tho  pod  breaks  up  into  segments,  each  of  which 
is  winged ;  in  Ni»siilia  the  extremity  of  the  pod  is  expanded  into  a 
flattened  wing ;  lastly,  in  the  Lime,  as  olready  mentioned,  the  fruits 
drop  off  iu  a  bunch,  and  the  leaf  at  the  base  of  the  common  flower- 
stalk,  or  "  bract,"  as  it  ia  called,  forms  the  wing. 

In  Gmiania  rclinaria  of  Ko*lriguez  tho  some  object  is  effected  in 
another  manner  ;  tho  cellular  tissue  of  the  fruit  crumbles  and  breakf 
away,  leaving  only  tho  vosoolar  tissue,  which  thus  forms  a  net 
enclofling  tho  seed. 

Another  mode,  which  is  frequently  adopted,  is  the  development  ol 
long  hairs.  Sometimes,  as  iu  Clematis,  Anemone,  Dryas,  these  hairc 
take  tlio  form  of  a  long  feathery  awn.  In  others  the  hairs  form  a  tuft 
or  crown,  which  botanists  term  n  pappus.  Of  this  the  Dandelion  and 
John  Go-to-bod-ot-noon,  so  called  from  its  habit  of  shutting  its  flowers 
aljout  mid-day,  are  well-known  examples.  Tufts  of  hairs,  which  are 
tbomsflvcB  sometimes  feathered,  are  developed  in  a  great  many  Com- 
potutes,  though  some,  as,  for  instance,  tho  Daisy  and  Lapsana,  are 
without  them  ;  in  some  very  interesting  species,  of  which  the  common 
Thrina'a  hiria  of  our  lawns  and  meadows  is  one,  there  are  two  kinds 
of  fruits,  as  shown  in  Fig.  13  h,  one  with  a  pappus  and  one  without. 
The  former  are  adapted  to  seek  "fresh  wotxls  and  pastures  new," 
while  tho  latter  stay  and  perpetuate  the  race  at  homo. 

A  more  or  h'.m  similar  pappus  is  found  among  various  English 
plauts — in  the  Epilobium  (Fig.  13  a),  Thrincia  (Fig.  13  b),  Tamarix 
(Fig.  13  (•),  Willow  (Fig.  13  d).  Cotton  Giass  (Fig.  13  c),  and 
BiiliTieh  (Fig.  13  /);  while  in  exotic  spocit's  there  are  many  other 
coses — 08,  for  instance,  tho  beautiful  Oleander.     As  iu  tho  wings,  so 
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also  in  that  of  the  pappoB,  it  is  by  no  moans  always  the  same  part  of 
the  plant  which  develops  into  the  crown  of  hairs.  Thns  in  the 
Valerians  and  Composites  it  is  tho  calyx ;  in  the  Bnlmsh,  the 
perianth ;  in  Epilobium,  the  crown  of  the  seed  ;  in  the  Cotton-Grass 
it  is  supposed  to  represent  the  perianth ;  while  in  some,  as,  for 
instance,  in  the  Cotton  plant,  the  whole  outer  sorfaco  of  the  seed  is 

Pio.  13. 


eloibod  with  long  hairs.  Sometimes,  on  the  contrary,  the  hain  sro 
ftry  mooh  redaood  in  namber,  as,  for  inatonoo,  in  aoroo  species  of 
JEteitfmantkus,  whrre  thero  arc  only  Ihroo,  ono  oo  ono  side  and  two  fni 
Ihs  other.  lu  this  osatj,  monroTcr,  iho  hair*  arr  rrry  floxibln.  und 
wrap  tooad  thn  w(x>l  of  any  animal  with  ^^l  ■.   may  coam  in 

ooBtaet,  so  that  thuy  form  a  double  moans  of  ',  u. 
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In  other  oases  seeds  sro  wafted  by  water.  Of  this  the  CocoA-n 
is  one  of  the  most  striking  examples.  The  seeds  retain  their  ritali 
for  a  considerable  timp,  and  the  loose  toxtore  of  the  husk  protec 
them  and  makes  them  float.  Every  one  knows  that  the  Cocoo-nnt 
one  of  the  first  pl&iits  to  make  its  appearance  on  coral  islands,  and 
is,  I  bclioTC,  tho  only  palm  which  is  common  to  both  hemispheres. 

The  seeds  of  tho  Common  Dnckweeds  (Lemna)  sink  to  the  bottt 
of  the  water  in  antumn,  and  remain  there  tnronghout  tho  winter  ;  t 
in  the  spring  they  rise  np  to  tho  surface  again  and  begin  to  grow. 

In  a  very  lar(;o  nnmber  of  cases  the  diffusion  of  seeds  is  effect 
by  animals.  To  this  class  belong  the  fmits  and  berries.  In  them 
outer  6eshy  portion  booomes  pulpy,  and  generally  eweet,  enclosi 
the  seeds.  It  is  remarkable  that  such  fruits,  in  order,  doubtless, 
attract  animals,  are,  like  flowers,  brightly  colored — as,  for  instani 
the  Cherry,  Currant,  Apple,  Peach,  Plnm,  Strawberry,  Raspberry,  a 
many  others.  This  color,  moreover,  is  not  present  in  the  unripe  fm 
but  is  ra]>idly  developed  at  maturity.  In  such  cases  the  actual  sc 
is  generally  protected  by  a  dense,  sometimes  almost  stony,  coverii 
BO  that  it  escapes  digestion,  while  its  germination  is  perhaps  hasten 
by  the  heat  of  the  animal's  body.  It  may  be  said  that  the  skin 
apple  and  pear  pips  is  comparatively  soft ;  but  then  they  are  ei 
bedded  in  a  stringy  core,  which  is  seldom  oaten. 

These  colored  fruits  form  a  considerable  part  of  the  food 
monkeys  in  the  tropical  regions  of  the  earth,  and  we  can,  I  thir 
hardly  doubt  that  these  animals  are  gaided  by  the  colors,  just  as  ' 
are,  in  selecting  the  ripe  fruit.  This  has  a  enrions  bearing  on 
interesting  question  as  to  tho  power  of  distinguishing  color  possess 
by  our  ancestors  in  bygone  times.  Geiger,  relying  on  tho  we 
known  fact  that  the  ancient  languages  ore  poor  in  words  for  col 
and  that  in  the  uldest  books — as,  for  instance,  in  the  Vedas,  t 
Zendavosta,  the  Old  Testament,  and  tho  writings  of  Homer  a 
Hesiod — though,  of  course,  tho  heavens  are  reforretl  to  over  and  ov 
again,  its  blue  color  is  never  dwelt  on,  has  argued  that  tho  auciei 
were  very  deficient  iu  the  power  of  distinguishing  colors,  an 
especially  blue.  In  our  own  country  Mr.  Gladstone  has  lent  t 
weight  of  his  groat  authority  to  tho  same  conclusion.  For  my  part 
cannot  accept  this  view.  There  are,  it  seems  to  me,  very  stroi 
reasons  against  it,  into  which  I  cannot,  of  course,  now  enter ;  ai 
though  I  should  rely  mainly  on  other  considerations,  the  colors 
fruits  arc  not,  I  think,  without  significance.  If  monkeys  and  ap 
could  distinguish  them,  surely  wo  may  infer  that  even  the  mo 
savage  of  men  could  do  so  too.  Zeuxis  would  never  have  deceivt 
the  birds  if  ho  hiid  not  had  a  fair  perception  of  color, 

la  those  instances  of  colored  fruits,  tho  fleshy  edible  part  more  ( 
less  surrounds  the  true  seeds ;  in  others  the  actual  seeds  themsolvt 
become  edible.  In  tho  former  the  edible  part  serves  us  a  tem])tatio 
to  animals  ;  in  the  latter  it  is  stored  up  for  the  use  of  the  plant  itsel 
When,  therefore,  the  seeds  themselves  are  edible  they  are  general] 
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protected  bj  more  or  less  hard  or  bittor  envelopes,  for  instance  the 
Horse  Chestnat,  Beech,  Spanish  Chestnut,  Walnut,  &e.  That  theeo 
■eeda  are  used  as  food  by  squirrels  and  other  animals  is,  however,  by 
no  means  Deoessarily  an  evil  to  the  plant,  for  the  result  is  that  they 
are  often  carried  some  distance  and  then  dropped,  or  stored  up  and 
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I,  BO  that  in  thin  way  they  got  carried  away  from  the  parent 
tne. 

In  another  claas    of  instanoea  animals,  anoonacionsly  or  on- 
mUiadlr,  mm  in  the  dimenion  of  seeds.    Thoso  oumm  may  bo 

a  0  a 


ymE — OK — Hm — xzmvi xh — i^ — aavaa — vpv 

bcAotifnlly  formed,  ivre  small ;  bat  in  some  foroi 
become  truly  formidable.  Two  of  the  most  remarkabl 
below, — Mariynia  probo$eidea  (Fig.  15  6)  and  Harpa 
ben*  (Fig.  15  n).  Martyuia  is  a  plant  of  Louiaianm, 
once  got  hold  of  an  animal  it  is  most  difficult  I 
Harpa^^npbyton  is  a  South  African  gcnas.  TIm 
foniiidublc,  und  are  said  sometimes  even  to  kill  liofl 
oyer  the  dry  plains,  and  if  they  attach  themselrm 
wretched  animal  trios  to  tear  them  out,  and  sometii 
into  its  month  poriKhus  iniserubly.  M 

The  caaoa  in  which  the  diffusion  of  fruits  and  ^ 
their  being  sticky  are  less  numorons,  and  we  have 
instance  among  our  uativo  plants.  The  common  PI 
Europe  is  a  case  which  many  of  you  no  doubt  hsTe  i 
genera  with  the  some  mode  of  dispersion  are  Pitt* 
lioerhavia,  Siegetbeckia,  Orindelia,  Drynuiria,  Ac. 
piratively  few  cases  in  wliich  the  same  plant  use 
of  these  modes  of  promoting  the  dispersion  of  its 
are  some  such  instances.  Thns  iu  the  Common  B 
have  a  pappus,  while  the  whole  flower-head  is  pro' 
which  readily  attach  themselves  to  any  passing  anil 
nN  Ilildcbrand  has  pointed  out,  has  three  provision 
n  hollow  appendage,  o  pappus,  and  a  rough  surface. 

But  {Hirhaps  it  will  be  said  that  I  have  picked  c 
that  others  could  have  been  selected,  which  would 
{KjrhapB  would  even  negative,  the  inferences  which  hai 
that  1  have  put  the  cart  licfore  the  horse ;  that  the 
a  wing  in  order  that  it  may  bo  carried  by  the  wind 
books  that  the  heads  may  bo  transported  by  ai 
happening  to  have  wings  and  honks  these  seeds  are 
Now  doubtless  there  are  many  points  connected  witl 
still  unexplained  ;  in  fact  it  is  because  this  is  so  that 
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on  what  kind  of  plants  tlicBO  fruits  are  found.  Thcj  occur  on  tlio 
Ash,  Maple,  Sycamoro.  Hornbeam,  Pines,  Fire,  &ud  Elm ;  while  the 
Lime,  as  wo  have  seen,  bos  also  a  leaf  attached  to  the  fruits,  which 
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aoswora  the  nuno  pnrpoM.  Soods  of  this  character  therefore  occur 
on  ft  Urge  nropurtiun  of  onr  forett  trvas,  and  on  tbom  alooo.  But 
mon  than  this :  I  liavo  taken  one  or  two  c^  the  moat  aeceaaiblo  works 
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in  which  seeds  «re  fignred.  for  instenoe  Gertner's  '  De  Frnctibiia 
Seminibna,'  Le  Maont  uid  Deoaiane  (Hooker'a  tranalation) '  Deacript 
and  Analftieal  Botany,'  and  Baillon'e  '  Histoire  des  Plaates.'  I  fi 
thirty  genera,  belonging  tu  tweuty-one  diffeirent  natural  orders,  figni 
as  having  seeds  or  fruits  of  this  form.  They  are  all  trees  or  climbi 
shmbs,  not  one  being  a  low  liorb. 

Let  ns  take  another  case,  that  of  the  plants  in  which  the  diepersi 
of  the  seed  is  effected  by  means  of  hooks.  Now,  if  the  presence 
these  hooks  were,  so  to  say,  accidental,  and  the  dispersion  merclj 
resnlt,  we  should  naturally  expect  to  find  some  species  with  hooks 
all  classes  of  plants.  They  would  occur,  for  instance,  among  trees  a 
on  water-plants.  On  the  other  hand,  if  they  are  developed  that  tl 
might  adhere  to  the  skin  of  quadrupeds,  then,  having  ref«ronc«  to  t 
habits  and  size  of  our  British  mammals,  it  would  be  no  advantage . 
a  tree  or  for  a  wator-plant  to  boar  hooked  seeds.  Now,  what  are  1 
facts  ?  There  are  about  thirty  English  species  in  which  the  disp 
sion  of  the  seeds  is  effected  by  metins  of  hooks,  but  not  one  of  these 
aquatic,  nor  is  one  of  them  more  than  four  feet  high.  Nay,  I  mi{ 
carry  the  thing  farther.  Wo  have  a  number  of  minute  plants,  whi 
lie  below  the  level  at  which  seeds  would  be  likely  to  bo  entangled 
fur.  Now  none  of  these,  again,  have  hooked  seeds  or  fruits.  It  wot 
also  seem,  as  HilJobrand  bos  suggested,  that  in  point  of  time,  al 
the  appearance  of  the  families  of  plants  in  which  the  fruits 
seeds  ore  provided  with  hooks  coincided  with  that  of  the  la 
mammalia. 

Again,  let  us  look  at  it  from  another  point  of  view.  Let  as  ta 
our  common  forest  trees,  shrubs,  and  tall  climbing  plants ;  not, 
course,  a  natural  or  botanical  group,  for  thoy  belong  to  a  number 
different  orders,  bat  a  group  characterised  by  attaining  to  a  height 
say  over  eight  feet  We  will  in  some  cases  only  count  genera  ;  tl 
is  to  say,  we  will  count  all  the  willows,  for  instance,  as  one.  Th< 
trees  and  shrubs  are  plants  with  which  you  are  all  familiar,  and  t 
about  thirty-three  in  uumbor.  Now,  of  diese  thirty-three  no  less  th 
eighteen  have  edible  fruits  or  seeds,  such  as  the  Flum,  Apple,  Arbnti 
Holly,  Hazel,  Beech,  and  Rose.  Three  have  seeds  which  t 
provided  with  feathery  hairs;  and  all  the  rest,  namely,  the  Lin 
Maple,  Ash,  Sycamore,  Elm,  Hop,  Birch,  Hornbeam,  Pine,  and  Fir  e 
provided  with  a  wing.  Moreover,  as  will  be  seen  by  the  table  on  t 
following  page,  the  lower  trees  and  shrubs,  such  as  the  Cornel,  Gueld 
Rose,  Ri>se,  Thorn,  Privet,  Elder,  Yew,  and  Holly  have  general 
edible  berries,  much  eaten  by  birds.  The  winged  seeds  or  frui 
characterise  the  great  forest  trees. 

Or  lot  us  take  one  natural  order.  That  of  the  Rosos  is  particular 
interosting.  In  the  genus  Oeum  the  fruit  is  provided  with  hooks ;  . 
Dryas  it  torminates  in  a  long  feathered  awn,  like  that  of  Clemati 
Ou  the  other  hand,  several  genera  have  edible  fruits  ;  but  it  is  curio) 
that  the  part  of  n  plant  which  becomes  fleshy,  and  thus  tempting  \ 
animals,  differs  considerably  in  the  different  genei-a.     In  the  Blacl 
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CtanatU  nHoOa      ..      .. 
Berberit  tulgatit    ., 
Lime  (TTMa  Emtpaa)  .. 
Maple  (^co-)        ..      .. 
Bpindle  Tree  (fuuMymiu} 
Buclcthnm  (Rhamiuu).. 
Bloc  (/'runtu) 
BoM(A»a) 

Apple  (iV^)  ••  •• 
Hawtborn  (Cratagiu)  ,, 
Medlmr  (ir«>pt7iit) 

lTj(Bedera) 

Cornel  (Connu)    ..      .. 
Elder  (i!>nni«oiu)..      ,. 
Oaelder  Boae  ( YOmriaan) 
Honeycackle  (LoHtorra) 
Arbatn*  (ilriuftu) 

Holly  (/frx) 

A«h  (^Frarinut)  ,,  ., 
Priyet  (Liguttrwm) 
Elm(CrhiMu)  ..  .. 
Hoo  {awmmku)  ..  .. 
AUor  {Almu)  ..  .. 
BiRh  iBHttU)  ..  .. 
HornbnuD  {GujMnut)  .. 
NatCCWy/iu)  ..  .. 
Beeeh  {fagut)  ..  .. 
Odc((}««n'tti)  ..  .. 
Willow  ISaHa)  ..  .. 
VopUt  (Ptfmbu)  ..      .. 

PiiM  (Amu) 

Vir(i4Ue<) 

Yew(rajnia)        ..      .. 
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Ulble.     Btlrj.  Wlopd.  Roolud. 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
X 
X 


X 
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X 
X 
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X 

X 


X 
X 


X 
X 


bortr,  for  iiiist&nc<'.  ami  in  tLo  Raspberry,  th«  carpels  ooPBlituU)  tLo 
edible  portiui).  ^VilOll  wv  cAt  a  Raspberry  we  strip  them  ofT  &ud  leave 
the  receptaola  behind ;  while  in  the  Strawberry  the  leoeptaole  ooi»> 
stitates  the  edible  portion  ;  the  carpels  are  small,  hard,  and  cloaaly 
snrronnd  the  seeds.  In  those  genera  tbo  sepals  arc  sitnntcd  below 
the  fmit.  In  the  Boee,  on  the  contrary,  it  is  tho  piiduuclu  that  is 
BwoUon  and  inTcrtod,  so  as  to  fonn  a  hollow  cup,  iii  tho  interior  of 
wbieh  the  carpels  are  situatod.  Hero  you  will  renicuiber  that  tho 
sepals  are  situated  above,  not  below,  tlio  fruit.  A(;ain,  in  tho  Pear 
and  Apple,  it  is  the  orary  which  constitutes  the  edible  {lart  of  the 
fruit,  aud  in  which  tho  pips  are  embedded.  At  first  sight,  the  fhiit 
of  the  Molberry — which,  however,  belongs  to  a  different  family — 
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clooely  rooemUes  th»t  of  tbo  Bkokberry.     In  the  HolbeiTj,  bow 
it  is  tbo  sepftls  which  become  fleshy  mna  sweot. 

Tbo  next  point  is  that  seeds  should  bo  in  a  spot  suitable  for  I 
growth.  In  most  casob,  the  seed  lies  on  the  groond,  into  whic 
then  pushes  its  little  rootlet.  In  plants,  however,  which  live  on  t 
the  ease  is  not  so  simple,  and  we  meet  some  cnrions  contriTai 
Thns,  the  MiBtlotoe,  as  we  all  know,  is  parasitic  on  trees.  The  fi 
are  eaten  by  birds,  and  the  droppings  often  therefore  full  on 
boughs ;  but  if  the  seed  was  like  that  of  most  other  plants  it  w 
aooD  fall  to  the  gronnd,  and  consequently  perish.  Almost  a 
among  English  pbmts  it  is  extremely  sticky,  and  thus  adhwee  to 
bark. 

I  have  already  alluded  to  an  allied  genus,  ArceuOutbium,  put 
on  Junipers,  wliich  throws  its  seeds  to  a  distance  of  several 
Those  also  ore  very  viscid,  or,  to  speak  moro  correctly,  are  embe< 


Fie.  10. 


77/" 
Mytodendron.    (After  Hooker.) 


in  ft  very  viscid  mucilage,  bo  that  if  they  come  in  contact  with 
bark  of  a  noigbbonring  tree  they  stick  to  it. 

Another   very  interesting  genus,  again  of  tho  same  family 
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Mjfwodtndron  (Fig.  16),  a  Fnegian  species,  deacribed  by  Sir  Joseph 
Hooker,  and  parasitic  on  the  Boech.  Here  the  seed  is  not  sticky,  bat 
is  proTidod  with  four  flatiened  flexible  appendages.  These  catch  the 
wind,  and  thns  carry  the  seeil  from  one  tree  to  another.  As  soon, 
however,  as  they  touch  any  little  bough  the  arms  twist  round  it  and 
there  anchor  the  seed. 

Dr.  Wntt  has  diseorerod  a  still  more  curious  fact  in  an  Indian 
species  of  Loranthns,  which  he  considers  to  be  L.  globotm.  The  fniit, 
as  is  so  common  in  this  order,  consists  of  a  mass  of  yiscid  pnlp. 
Under  ordinary  cirenmstaDces  the  seeds  would  be  most  likely  in  the 
first  instance  to  drop  upon  a  leaf ;  but  if  thoy  remained  there,  when 
the  leaves  fell  from  the  trees  the  seeds  would  drop  also.  They  havo, 
however,  a  curious  power  of  movement,  by  means  of  which  they  quit 
the  leaves  and  fasten  themselves  to  the  stem.  TLc  radicle,  when  it  has 
elongated  itself  to  about  an  inch,  develops  at  its  extremity  a  flnttcncd 
disc.  It  then  curves  about  until  the  disc  touches  any  object  that  is 
near  at  hand.  To  this  it  then  attaches  itself,  and  tears  the  berry  nway 
from  its  previous  position.  The  radicle  then  again  curves,  the  berry 
is  again  carried  to  another  spot,  where  it  adheres  again.  This 
curious  process  is  repeated  until  the  seed  finds  itself  on  a  spot 
suitable  for  its  growth. 

In  many  epiphytes  the  seeds  are  extremely  numerous  and  minute. 
Their  great  numbers  increase  the  chance  that  the  wind  may  waA 
some  of  them  to  the  trees  on  which  they  grow  ;  and  as  they  are  then 
folly  supplied  with  nourishment  Ihey  do  not  require  to  carry  any 
store  with  them.  Moreover,  their  minute  size  is  an  advantage,  as  they 
are  carried  into  any  little  chink  or  cranny  in  the  bark  ;  while  a 
larger  or  heavier  seed,  even  if  borne  against  a  suitable  tree,  would  be 
more  likely  to  drop  off.  In  the  genus  Neumauma,  the  small  seed 
is  produced  at  each  end  into  a  long  filament  which  must  materially 
increase  its  chance  of  adhering  to  a  suitable  tree. 

Even  among  terrestrial  species  there  are  not  a  few  cases  in  which 
plants  are  not  contented  simply  to  leave  their  seeds  on  the  surface  of 
the  soil,  but  actually  sow  them  in  the  ground.  Thus  in  Tr*/o{iu»i 
tubterranmm,  one  of  our  rarer  English  Clovers,  only  a  few  of  the 
florets  become  perfect  flowers,  the  others  form  a  rigid  pointed  head 
which  at  first  is  turned  upwards,  and  as  thoir  ends  are  close  to- 
gether, oonstituto  a  sort  of  spike.  At  flnt,  I  say,  the  flower-heads 
point  upwards  like  those  of  other  Clnvers,  but  as  soon  as  the 
florets  are  fortili8o<l,  the  flower-stalks  bend  over  and  grow  down- 
wards, forcing  the  flower-hoad  into  the  ground,  an  oporatioD  much 
fteilit*ted  by  the  peculiar  construction  and  arrangement  of  the 
imperfaot  flonta.  The  florets  are,  as  Darwin  has  ^own,  no  mors 
paanTs  uatmiuiMits.  Bo  soon  u  the  flowor-head  is  in  the  ground 
thsy  bagia,  oommondng  from  the  outside,  to  bond  themselves  towards 
'  o  pedoncle,  the  result  of  which  of  coarse  is  to  drag  the  flower-head 
rtnor  and  farther  into  the  ground.     In  most  Cloven  each  florai 
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irodaoM  a  little  pod.  Tliia  wtmld  ia  tba  pranat  gpwam  be  wd 
OT  aroB  injnrioiu ;  nuuiy  yoimg  plant*  growing  in  one  plaee  w 
jostle  and  alarro  ooo  another.  Henoe  we  see  another  ebv 
advantage  in  the  Ud  that  onlj  a  few  florets  perfect  their  aewfa. 

I  have  alraady  alluded  to  onr  Oardaminaa,  the  poda  of  which  e 
elastioallj  and  throw  their  seeds  aome  distantv  A  Bnxilian  mei 
O.  dmupodi/olia,  Fig.  17,  besides  the  nsual  long  pods.  Fig.  17 


Cardamine  cktnopodifolia, 
a  a,  ordlnuy  pods ;  h,  flnblcrrdDcio  pod*. 


1 


proclnooB  also  Bhort  pointed  ones,  Fig.  17  b  h,  which  it  bnries  in 

ground. 

Araehi*  h}/}x>g(m  ia   tie  gronnd-nut  of  the  West  Indies. 
fiowor  is  yellow  o&d  rosombles  that  of  a  poa,  but  has  on  eli 
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calyx,  at  tho  base  of  which,  close  to  the  stem,  is  the  ovary.  After 
the  flower  has  faded,  the  young  pod,  which  is  oval,  pointed,  and  very 
minute,  is  carried  forward  by  tho  growth  of  the  stalk,  which  becomes 
several  inches  long,  and  curves  downwards  so  as  generally  to  force 
the  pod  into  the  ground.  If  it  fails  in  this,  the  pod  does  not  develop, 
but  soon  perishes ;  on  tho  other  hand,  as  soon  as  it  is  underground 
the  pod  begins  to  grow  and  develops  two  largo  seeds. 

Again,  in  Vicia  amphicar^xt.  Fig.  18,  a  South  European  species  of 

Fio.  18. 


Vicia  ampkiearpa. 
»a,t>rtiatijfet»i  tt,nlii«miiMapodiL 

Vetch,  there  are  two  kinds  of  ptxis :  one  of  tho  ordinary  form  and  habit 
(a),  tho  other  (b)  oval,  ftalc,  containing  only  two  soods  borne  on  nnd«i> 
ground  stems,  and  producod  by  flowers  which  have  no  corolhk. 

Again,  a  ipucies  of  tho  allied  genus  lAithyrut,  Fig.  19,  L.  oaipAA 
tmrpo$,  affords  ns  another  caso  of  tho  same  phenomenon. 
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Othor  npccies  pmneilriTig  the  Bkme  &onIty  of  bnryiog  thetr  ^ 
aro  OArctim  hi/pogaa,  wemni  MpemM  of  Commelput,  and  of  ^m/iAi 
paa,  VoauUMa  mAUrraua,  SeropMaria  arguta,  &o. ;  and  it  is  i 
remulnbla  that  Umm  speoiM  are  by  do  mMDS  nearly  related, 


Lathifnu  amphiawpot.    (After  Sowerby.) 
a,  ontlDuy  pod<;  Ii,  •aUemaon  pud*. 


4 


belong    to    distinct    families,    namely  the    Gruqfent,   Legumini 
Commehjnaccce,  Violaccim,  and  Scrophulariacece. 

Moreover,  it  is  interesting  that  in  L.  amphicarpot,  as  in  F 
amphlcarpa  fttid  Cardamirie  chtfiopoiii/olium,  the  subterranean  j 
differ  from  the  nsnnl  and  ni'rial  form  in  being  shorter  and  contain 
fewer  seeds.  The  reason  of  this  is,  I  think,  obvious.  In  tho  ordiu 
pods  tho  number  of  ecods  of  coarse  increases  the  chance  that  a 
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will  find  a  suitable  place.     On  the  other  hand,  the  Bnbterranoan 

Stivoral 


ones 
seeds 


are  airofully  Bown,  as  it  were,  by  the  plant  itself, 
together  would  only  jostle  one  another,  and  it  is 
therefore  bettor  that  one  or  two  only  should  be  pro- 
duced. 

In  the  Erodinmt,  or  Crane's  Bills,  the  fruit  is  a 
capsule  which  opens  elostically,  in  some  speciea 
throwing  the  seeds  to  some  little  distance.  The  seeds 
themselTes  are  more  or  less  spindle-shaped,  hairy, 
and  produced  into  a  twisted  hairy  awn  as  shown  in 
Fig.  20,  representing  a  seed  of  E.  glaucophyllum. 
The  number  of  spiral  turns  in  the  a,wa  depends  upon 
the  amount  of  moisturo ;  and  the  seed  rany  thus  be 
made  into  a  very  delicate  hygrometer,  for  if  it  bo 
fixed  in  an  upright  position,  the  an-n  twists  or 
untwists  accorduig  to  the  degree  of  moisture,  and  its 
extremity  thus  may  bo  so  arranged  as  to  move  up  and 
down  like  a  needle  on  a  register.  It  is  also  affected 
by  heat.  Now  if  the  awn  were  fixed  instead  of  the 
seed,  it  is  obvious  that  daring  the  process  of  untwist- 
ing, the  seed  itself  would  bo  pressed  downwards, 
and,  as  M.  Ronx  has  shown,  this  mechanism  thus 
serves  actually  to  bury  the  seed.  His  observations 
were  made  on  an  allied  species,  Erodinm  cicoiiium, 
which  he  chose  on  account  of  its  size.  Hu  found  that 
if  a  seed  of  this  plant  is  laid  on  the  ground,  it 
remains  quiut  as  long  as  it  is  dry  ;  but  as  soon  as  it 
is  moistened — L  c.  as  soun  as  the  earth  becomes  in  a 
condition  to  permit  growth — the  outer  side  of  the 
awn  contrmcts,  and  the  hairs  surrounding  the  seed 
commence  to  move  ontwardn,  the  result  of  which  is 
gradually  to  raise  the  sood  into  an  upright  position  with  its  point  on 
the  soil.  The  awn  then  oommcnoos  to  unroll,  and  consequently  to 
olongato  itself  upwards,  and  it  is  obvious  that  as  it  is  covered  with 
rcvoraod  hairs,  it  n'ill  ]>rotiab]y  press  against  some  blade  of  gross  or 
other  obstAolc,  which  will  prevent  its  moving  up,  and  will  therefore 
tend  to  drive  the  seed  into  the  ground.  If  then  the  nir  becomes  dryor, 
the  awn  will  again  roll  up,  in  which  action  M.  Houx  thought  it  would 
t<'nd  to  draw  up  the  seed,  but  from  the  position  of  the  hairs  the 
foathory  awn  can  easily  slip  downwards,  and  would  therefore  not 
affect  the  suod.  When  moistened  once  more,  it  would  again  force  the 
seed  fm-tlier  downwanls.  and  so  on  until  the  proper  deptli  was  obtained. 
A  species  uf  AQomoue  (A.  monlana)  again  lus  essentially  the  same 
amngemont,  though  belonging  to  a  widely  sopsnted  onhir. 

A  still  more  romwkabls  instance  is  afTnnlcd  by  a  boautiful  South 
Euro]>oan  ^rasa,  Slim  ptmmUa  (FSg.  21),  the  strootnro  of  which  has 
fjoon  doscnbt'd  by  VanolHir,  ond  more  roocntly,  as  well  as  more  com- 
plotoly,  by  Pnnk  Darwin.     The  actual  sood  is  amall,  with  a  sharp 
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point,  and  stifl^  ahort  hairs  pointing  backwarda.  Tho  posterior  end 
tb«  aeed  ia  prodaood  into  a  fine  twisted  corkscrew-like  rod,  which 
followed  by  a  plain  cylindrical  portion,  attached  at  an  angle  to  ti 
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eorkaoew,  and  flodlng  in  a  long  and  be*atifal  fc«ther,  Uto  whole 
being  more  than  a  foot  in  length.  The  long  feather,  no  doabt,  facili- 
tates the  disperaon  of  the  seeds  by  wind ;  eTentaallT-,  howercr,  they 
■ink  to  the  groond,  which  they  tend  to  reach,  the  seed  being  the 
lieaTiect  portion,  point  downwards.  Accotding  to  Darwin,  the  seed 
Tecoaina  in  the  aame  position  as  long  as  it  is  dry,  bnt  if  a  shower  oomea 
on,  or  when  the  dew  falls,  the  spiral  unwinds,  and  if ,  as  is  most  pro- 
bable, the  sorromiding  herbage  or  any  other  obstacle  prevents  the 
feather  from  rising,  the  seed  itself  is  forced  down  and  so  driven  by 
degrees  into  the  ground. 

I  do  not  doubt  that  this  seed  may  bury  itself  in  the  manner  thus 
described,  bnt  I  do  doubt  whether  it  always,  or  indeed  generally,  does 
■a  One  fine  day  not  long  ago,  I  chanced  to  be  looking  at  a  plant  of 
this  species  in  my  garden,  and  round  it  were  several  seeds  more  or 
leas  firmly  buried  in  the  ground.  There  was  a  little  wind  blowing  at 
the  time,  and  it  struck  me  that  the  long  feathery  awn  was  admirably 
adapted  to  catch  the  wind,  while  on  the  other  hand  it  seemed  almost 
too  delicate  to  drive  the  seed  into  the  ground  in  the  manner  described 
by  Darwin.  I  therefore  took  a  seed  and  placed  it  upright  on  the  turf. 
The  day  was  perfectly  dry  and  fine,  so  that  there  could  be  no  question 
of  hygroscopic  action.  Nevertheless,  when  I  returned  after  a  few 
hours,  I  found  that  the  seed  had  buried  itself  some  little  distance  in 
the  ground.  I  repeated  the  observation  several  times,  always  with 
the  same  result,  and  thus  convinced  my- 
self that  one  mctho<l,  at  any  rate,  by 
which  these  seeds  bury  themselves  is  by 
taking  advantage  of  the  action  of  the 
wind,  and  the  twisted  portion  of  the  awn 
by  its  corkscrew-like  movement  probably 
facilitates  the  entry  of  the  seed  into  the 
ground. 

I  have  already  mentioned  several  cases 
in  which  plants  produce  two  kinds  of 
seeds,  or  at  least  of  pods,  the  one  being 
adapted  to  burying  itself  in  the  ground. 
Heterooarpism,  if  I  may  term  it  so,  or 
the  power  of  producing  two  kinds  of  re- 
productive bodies,  is  not  confined  to  these 
spodos.  There  is,  for  instance,  a  North 
Afrioao  species  of  CorydalU  (C.  helero- 
earjia  of  Darion)  whirli  prodoMS  two 
kinds  of  seed  (Fig.  22),  one  somewhat 
flattaaed,  short  and  broad,  with  rounded 

angles;  the  other  elongated,  hooked,  and  shaped  like  a  ahepbard's 
crook  with  a  thickened  alafll  In  this  case  the  hook  in  the  laMv  fbna 
perhaps  serves  for  dispernon. 

Our  common  Thrineia  Mirta  (Fig.  13  b)  also  posse■se^  besides  the 
fruits  with  tho  well-known  feathery  crown,  others  which  are  destitute 
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of  such  ft  proTidon,  ud  which  probftblj  therefore  are  intonikd  | 
take  root  at  homo. 

Mr.  DnimoioDd,  in  the  yolame  of  '  Ilooker's  Journal  of  Botan] 
for  1812,  hoe  dcecribed  a  speciea  of  Alitmacea  which  has  two  sorts  i 
seed-vessels ;  the  one  produced  &om  large  floating  flowers,  the  oHh 
at  the  end  of  short  submerged  stalks.  Ho  does  not,  howover,  desoril 
either  the  seeds  or  sood-vossols  in  detaiL 

Before  condudiug,  I  will  say  a  few  words  oa  to  the  Tery  cnrioi 
forms  presented  by  certain  seeds  and  firnits.  The  pods  of  Lotns,  f) 
instance,  quaintly  resemble  a  bird's  foot,  even  to  the  toes  ;  whence  tl 
specific  name  of  one  species,  omitkopodioidet ;  those  of  Hippoerep 
remind  one  of  a  horscshoo ;  thoee  of  Trapa  biromi*  have  an  absui 
teeemblanco  to  the  skeleton  of  a  bull's  huad.  These  likenesses  appei 
to  be  accidental,  but  there  are  some  which  probably  are  of  nse  to  tl 
plant    For  instaaoo  there  are  two  spocios  of  Scorpiurug,  Fig.  23,  tl 
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A.  pod  of  Seorpiunt  nbnllun ;  t,  pod  of  Hearpltmu  rermiadata. 


pods  of  %vhich  Ho  on  tho  ground,  and  so  curiously  resemble  the  oi 
(S.  siibvillosn.  Fig.  23  a)  n  centipede,  the  other  {S.  vermiculata.  Fig.  23  i 
a  worm  or  catori>illar,  that  it  is  almost  impossible  not  to  suppose  tfai 
the  likeness  must  be  of  some  use  to  the  plant. 
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Tho  pod  of  Biserrula  PeUcinut  (Fig.  24  a)  also  has  ft  striking 
raemblance  to  a  crushod  oontipodo  ;  vrhilo  the  seeds  of  Ahru*  preca- 
toriiu,  both  in  size  and  in  their  very  striking  color,  mimic  a  small 
beetle,  Arlemit  circumutla. 

Mr.  Moore  has  recently  called  attention  to  other  oases  of  this  kind. 
Thns  tho  seed  of  Marlynia  diandra  mnoh  resembles  a  beetle  with  long 
•Dtennn :  several  species  of  Lupins  have  seeds  mncb  liko  spiders,  and 
tiiose  of  Dimorphochlamyt,  a  gourdliko  plant,  mimic  a  piece  of  dry 
twig.  In  the  Common  Castor  Oil  plants  (Fig.  24  b),  though  the 
teoemblanoe  is  not  so  close,  still  at  first  glance  the  seeds  might  readily 
be  taken  for  beetles  or  ticks.  In  many  Enphorbiaceons  plants,  as 
for  instance  in  JcUnmha  (Fig.  24  c),  tho  resemblance  is  even  moro 
Btriking.  Tho  soeds  have  a  central  lino  resembling  tho  space  between 
tho  elytra,  dividing  and  slightly  diverging  at  the  end,  while  betwoon 
them  the  end  of  the  abdomen  seems  to  peep ;  at  tho  anterior  end  tho 
paasesg  a  small  lobe,  or  caruncle,  which  mimics  tho  head  or 
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thorax  of  tho  insect,  and  which  even  aeemi  apecially  arranged  for  this 
rposo;  at  least  it  would  soem  from  cxperimcuts  made  at  Kew  that 
o  canmonlus  exorcises  no  appreciable  cfTect  during  germination. 

Theae  rescmblancos  might  benefit  tho  plant  in  one  of  two  ways. 
If  it  be  an  advantage  to  the  plant  that  tho  soeds  should  be  swallowed 
by  birds,  their  rosemblanoo  to  insects  might  lead  to  this  result.  On 
the  other  hand,  if  it  bo  desirable  to  eecape  from  graminivorous  birds, 
tbaa  the  reaemblanoe  to  insects  would  serve  as  a  protection.  We  do 
act,  however,  yet  know  enough  about  tho  habits  of  these  plants  to 
suIto  this  question. 

Indeed,  as  wo  have  gone  on,  many  other  questions  will,  I  doubt  not, 
have  ooonrred  to  you,  which  wo  are  not  yet  in  a  position  to  answer. 
Sooda,  for  instance,  differ  almost  infinitely  in  tho  sculpturing  of  their 
•nrfaoe.  But  I  shall  woefully  have  faik4  in  my  object  to-night  if  you 
go  away  with  the  improasion  that  we  know  all  about  seeds.  On  tho 
ooulraty,  there  is  not  a  fruit  or  a  sood,  ovoa  of  one  of  onr  oomiaooest 
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morUlity  frrmi  which  is  largely  dfitorminod  by  Mason  and  weatka 
comparutiTcly  Email  nnmber  of  yean  is  rcqairad  to  give  a  waMAtti 
approximatioD  to  tlioir  trno  weekly  cnrro  of  mortality.  But 
regards  the  great  majority  of  disoaMis,  it  quickly  became  apparent  tl 
a  thirty  years'  averago  was  required  in  the  constmction  of  cnr 
which  oonld  be  offered  aa  true  "  oonstants  "  for  the  diseases  to  wbi 
they  refer.  The  thirty  years  beginning  with  1845  were  therofi 
adopted.  An  examination  of  the  carves  shows  that  some  of  tb 
striking  foatnros,  particularly  those  indicating  the  complications 
special  diseases  and  their  connections  with  each  other,  which  I 
weekly  aTetagos  disclose,  would  entirely  disappear  if  monthly  aTeraf 
only  were  employed. 

The  corves  of  the  more  prominent  and  interesting  of  the  disea 
are  shown  on  the  accompanying  woodcnts,  the  straight  black  line 
each  figore  being  drawn  to  represent  the  mean  weekly  death-rate 
an  average  of  the  fifty-two  weeks  of  the  year,  and  the  figures  on  t 
margin  tho  percentages  above  or  below  the  average.  With  ti 
general  average  tho  mean  doath-rate  of  each  week  is  compared  a 
the  differenoo  above  or  below  calculated  in  peroentagos,  which,  wli 
vlv*,  arc  plar«d  obovo  tho  moan  lino  of  tho  fignro,  and  when  min 
bolow  it.     Thus  as  regards  scarlntina  (Fig.  1),  tho  mean  mortality 


Fro.  1. 


Mnin 


I  IJJ.LI  I  iLl  I  I 
Scarlut  Fever. 


the  fifty-two  weeks  is  49  •  6 ;  on  the  first  week  of  January  it  is  7  per  ooi 
above  the  mean,  from  which  time  it  continues  to  fall  to  the  annu 
minimum,  36  per  cent,  bolow  tho  mean  in  tho  middle  of  March  ;  then- 
rises  to  the  mean  in  tho  end  of  August ;  to  the  annual  maximum,  ( 
per  cent,  above  the  mean,  in  the  cud  of  October,  and  thereaft 
steadily  folia  The  portion  of  tho  curve  above  the  mean  Uno  thi 
shows  tho  time  of  the  year  when,  and  the  degree  to  which,  tl 
mortality  from  scarlatina  is  above  its  average,  and  the  portion  belo 
the  line  when  it  is  under  it. 

Fig.  2  shows  similarly  tho  distribution  of  the  mortality  froi 
whooping-cough  through  the  weeks  of  the  year,  and  Fig.  3  tb 
distribution  of  the  mortality  from  small-pox.  It  is  seen  at  once  thi 
the  mortality  curve  from  scarlatina  is  precisely  the  reverse  of  th 
curve  of  whooping-cough,  the  maximum  death-rate  period  of  the  OQ 
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corro8i)ondiiig  to  tho  minimnm  period  of  the  other,  and  vice  eer$d.  It 
is  also  seen  that  tho  mortality  cture  for  Bmall-poz  (Fig.  3)  is  quita 
distinct  from  tho  other  two  cnrvee. 

In  order  to  ascertain  tho  degree  of  steadiness  of  these  correa,  a 
cnrvo  was  calcnlatod  and  drawn  for  each  of  the  seven  epidemios  of 
scarlatina  and  for  each  of  the  eight  epidemics  of  whooping-cough 
dnring  tho  thirty  years,  with  the  instrnctiTe  resnlt  that  tho  carve  for 
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Moh  of  the  separate  epidemics  was  sabstantiallj  identical  with  the 
gmoral  carve  for  tho  whole  thirty  youa'  period,  each  of  tho  fonr, 
prominent  phases  of  each  corvo  oconrring  all  within  a  week  of  each 
other.  As  regards  the  small-pox  carve,  if  the  deaths  during  tho 
epidemic  of  1870-72,  by  far  tho  most  fatal  of  all  the  epidemics  daring 
the  thirty  years,  bo  deducted  from  the  general  resnlt,  wo  obtain  a  corvo 
which  is  substantially  the  same  corvo  as  that  for  tho  whole  thirty 
years,  bat  only  leas  pronooncod.  From  those  results  it  follows,  and 
tho  roniArk  is  of  general  application  to  all  tho  curvee,  tliat  the  mortality 
eurvcH  for  tho  different  diBeaaoe  arrived  at  in  this  inquiry  may  Iw 
regarded  as  true  constants  of  these  disoaaes  for  London. 

The  climate  of  London,  looked  at  as  influencing  tho  health  of  tho 
^people,  may  be  divided  into  six  types  of  woathor  according  to  tho 

ion  of  tho  year.    These  are  respeotivoly — 

Period  1. — Damp  and  cold,  fourth  week  of  October  to  third  woek 
of  December. 

Period   2. — Cold,   fourth   week  of  Dooombor  to  third    wook  of 
Febmary. 

Period  8. — Dry  and  cold,  fourth  week  of  February  to  soooiul  wouk 
of  AptiL 


^^pl 
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Period  4.— Dry  and  wann,  third  week  of  April  to  third  w 
Jnno. 

Period  5. — Heat,  fourth  week  of  June  to  first  week  of  Sept* 

Period  6. — Dftinp  and  warm,  aecond  week  of  September  tt 
week  of  October. 

The  outstanding  features  of  the  death-rate  in  its  relation 
rarying  types  of  weather  through  the  year  are  shown  by  the  to] 
of  Fig.  4,  which  represents  the  total  mortality  for  all  ages, 
curve  shows  two  maxima  in  the  course  of  the  yeor :  the  one,  by 
larger  of  the  two,  extending  oyer  six  months  from  November  to 
and  tlie  other  embracing  the  period  from  about  the  beginning  of. 
the  autumnal  oijuinox.     It  will  be  also  observed  that  the  compan 
8hort-coDtiuuo<l  but  strongly-pronounced  summer  maximum  is 
cally  restricted  to  mere  infants,  whereas  the  larger  winter  ma 
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is  a  feature  of  the  curves  for  all  ages ;  and  honoe  of  all  v 
influences  the  ould  element  in  the  climate  of  London  is  that  w 
most  deatructrvo  to  life. 

Figs.  5  to  10  are  representative  curves  of  those  diseases  wl 
to  form  the  summer  innximiim  when  "  heat "  is  the  chief  charac' 
of  tlio  weather.  The  direct  relation  of  the  progress  of  mortalit 
dinxrhcca  to  temperature  is  strikingly  soon  in  the  startling  sudd 
with  wliicli  the  curve  shoots  up  during  the  hottest  moutha  of  th 
and  the  suddenness,  equally  startling,  with  which  it  falls  on  the  ap 
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of  colder  weather.  The  curves  for  dysentery,  British  cholera,  and 
cholera  are  substantially  the  same  as  Uio  curve  for  diarrhoea,  and  all 
■how  the  same  close  obedience  to  temperature.  It  is  a  noteworthy 
oircnmstanco  that  these  four  curves  group  themselves  into  pairs — 
diarrhcca  and  British  cholera  on  the  one  side,  and  dysentery  and 
Astatic  cholera  on  the  other.    The  chief  points  of  difference  are  that 
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rijMmtery  and  Asiatic  cholera  begin  markedly  to  riao  considerably 
[later  than  the  other  two  allied  diseases,  attain  their  maximum  a 
I  month  lat«r,  and  fall  more  rapidly  than  they  roee,  the  annual  phases 
1  being  nowly  a  month  later  than  those  of  diarrhoea  and  British 
jichounm,  which  diseases  are  less  deeply  seated  in  the  system. 

The  peculiarly  malignant  oharaoter  of  summer  diarrhoea  among 

I  young  children  mider  five  years  of  age  may  be  shown  by  the  weekly 

mortality  from  diarrhoea,  rising  from  20  in  Uio  middle  of  June,  to  342 

in  the  flnt  week  of  August,  1880,  when  the  mean  temporatoro  of  July 

.  aad  Angnst  waa  about  the  average.     In  July  1876,  when  the  tompera- 

~'      I  wu  8°'6  aboTo  the  average,  the  weekly  mortality  from  diarrhoea 

•aung  oldldron  roee  to  502  on  the  last  week  of  that  month.    On  the 
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other  hand,  rlnring  tho  cold  gmnmor  of  1860,  the  diarrhoea  mortality 
for  all  ages  did  not  in  any  vieek  exceed  90. 

Of  tlie  British  large  towns  tho  lowest  mortality  from  smnmer 
diarrhcoa  ia  that  of  Aberdeen,  which  has  the  lowest  Bommcr  tempera- 
tare.  The  diarrhoja  mortality  of  each  town  is  found  from  year  to  year 
to  rise  proportionally  with  the  increase  of  temperature,  but  tho  rate  of 
increaso  dificrs  widely  in  diflereiit  towns,  thus  pointing  to  other 
caoses  than  mere  weather,  or  tho  rclatiYO  temporatores  and  homidities 
of  these  towns,  as  dotormining  tho  mortality.  Fig.  1 1  shows  the  weekly 
death-rate  from  diorrhosa  for  six  of  the  largest  British  towns,  viz. 
Leicester,  curve  1 ;  Liverpool,  2  ;  London,  3  ;  Bristol,  4  ;  Portsmouth, 
6  ;  and  Edinburgh,  6 ;  from  which  it  is  scon  that  though  tho  summer 
temperatnro  of  London  is  higher  than  that  of  Liverjxiol  and  Leiceetor, 
its  diarrhcea  mortality  is  very  much  less.  In  tlus  respect  London 
contrasts  very  favourably  with  the  groat  majority  of  British  large 
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Week];  Deatlu  bom  Diurbcoa  calcnUtcd  on  tho  Annual  Mortality  per  1000  of 

the  population. 

iowns,  showing  its  sanitary  conditions  generally  ore  at  least  ioirly  aatis- 
fMstorj ;  bnt  mosmnch  oa  it  is  somewhat  in  oxoesa  of  a  few  of  the 
towns  whose  summer  tomperaturo  is  scarcely  lower,  London  ofibra 
problems  in  this  field  to  tho  sanitary  reformer  for  his  solution. 

Figs.  6  to  10  givo  the  currea  for  thrush,  tabes  metentorio*, 
eatoritis,  jaundice,  and  atrophy  and  debility,  all  of  which  hare  Ihor 
maximum  fatality  during  the  hottest  period  of  tho  year,  and  all  of  these, 
it  will  be  noted,  are  bowel  complaints.  Lideed  with  tho  apparent 
•xooption  of  ono  or  two  nerrons  diswuw,  all  those  diaoosea  which 
indicate  an  increase  in  their  deoth-rmto  daring  tho  summer  munths 
■re  bowel  complaints. 

An  examination  of  the  carve  for  tho  whole  mortality  (Fig.  4) 
■hows  that  the  great  prepooderanoo  of  deaths  in  London  Unw  plaoo 
during  the  o(d£»t  months  of  tho  year.  Of  tho  diacoaaa  to  which 
titia  exoeaiiTO  mortality  is  dao  tho  first  place  most  ba  assigaod  to 
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diaoMM  of  the  respiratory  org&ns,  tho  more  marked  of  which  are  giTi 
in  Fi^  12  to  15.  AUmt  one  iu  eight  of  all  deaths  that  occur  is  cans 
by  hronchitJB,  and  one  in  nxtoon  by  pneamonia;  eo  that  nearly  one-fif 
of  tho  deaths  is  occasioned  by  these  two  diaeMWs  of  tho  respirato 
omaB.  Oar  reaearohes  appoar  to  warrant  the  conclttsion  that  t 
gnatest  fatality  from  thew  diaeasea  occnrs  when  the  tempenUme 


between  32°  and  40".  In  New  York,  where  the  moan  winter  tempei 
tare  is  10°'  0  lower  than  in  London,  tho  mortality  from  bronchitis  a 
pneumonia  is  greatly  loss  ;  and  on  the  other  hand,  in  Mclbonme,  wh« 
the  winter  temporaturo  is  about  10°  "0  higher  than  that  of  Lond< 
tho  mortality  from  diseases  of  the  respiratory  organs  forms  bnl 
small  fraction  of  tbo  whole  deaths. 

These  four  cnrvcs  of  the  mortality  from  diseases  of  the  rospiratc 
organs  are  substantially  tho  some,  each  having  its  maximum  in  t 
cold  months,  and  it-s  minimum  in  tho  warm  months.     Asthma  shoi 
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in  tho  atnplitndo  of  its  annual  rago,  tho  grofttcst  sonsitiTeness  to 
weather,  and  pneumonia  the  least.  They  all  show,  though  in 
different  dogrocs,  a  donble-ridged  maximnm :  the  one  ridge  being  in  the 
middle  of  January,  when  the  t^pcratnre  falls  to  the  annual  minimum, 
and  tho  other  in  March,  when  tho  combined  qualities  of  cold  and  dry- 
ness are  at  the  annual  maximum.  Asthma  and  bronchitis  are  de- 
cidedly at  the  maximum  when  the  weather  is  coldest,  whereas 
laryngitis  has  its  maximimi  in  March,  when  the  weather  is  coldest 
and  driest,  the  last  disease  thus  forming  tho  link  oonnocting  the  mote 
strictly  throat  diseases  with  diseases  of  the  nenroas  system. 
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Bat  an  olomont  of  weather  other  than  more  temporatnro  plays  an 
important  port  in  bringing  aboat  tho  high  death-rate  from  theM 
diHMM.  That  dolotorious  atmo«])hcric  influence  is  fog ;  and  in  i 
idMN  the  fug  is  dense  and  persistent  tho  mortality  from  di 
ti  tb*  re>piratoiT  organs  booomos  tmly  appalling,  ns  happeoad 
in  London  in  1880,  when  tho  mortality  was  nearly  doubled.  An 
examination  of  tho  foga  of  London  shows  that  they  du  not  commeoott 
till  tho  autumnal  equinox  ;  and  it  is  at  this  epoch  that  asthma  (Fig. 
12),  which  is  by  far  the  moat  soniitiTO  of  all  disoasM  to  fog,  starts 
from  its  annual  minimom ;  and  in  tb«  ood  of  NoTombcr  nod  b^jyuiaJBg 
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of  Deoomber,  when  fogs  boootno  moat  freqnont,  the  cnrrcs  for  astlm 
and  bronchitis  shoot  up  with  startling  snddonness. 

Figs.  IC,  17,  and  18  represent  the  curTca  for  three  of  the  nerroi 
diwaoii,  viz.  apoplexy,  cooTnlBions,  ond  cephalitis.  Apople:^  wi] 
bo  ohserrod  to  show  a  doublo-ridgcd  maximnm  quite  analogous  f 
that  of  tho  diseases  of  the  respiratory  organs ;  whereas  in  the  cms  < 
ooQwlsions,  the  mazimmn  may  bo  regarded  as  quite  Btngle,  an 
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occurring  in  spring,  this  being  tho  season  when  nerroQB  diseases 
generally  are  most  fatal.  On  tho  other  hand,  the  curve  for  cephalitis 
Btouds  alone  among  nervous  diseases  as  having  its  annual  maximum 
conaidorably  later  and  aa  keeping  above  tho  mean  till  at  least  the  end 
of  July,  thus  covering  that  portion  of  the  year  when  the  climate  is 
driest  and  hottest,   as   well  as  driest  and  coldest.    The  intimate 
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roIationB  observed  between  the  curve  for  snicidos  (Fig.  19)  and  that 
for  cephalitis  is  very  striking. 

The  maximum  mortality  for  whooping-cough  (Fig.  20),  gout  (Fig. 
21),  and  phthisis  (Fig.  22),  occur  in  the  same  season  as  that  for  the 
nervous  diseases.  The  maximum  mortality  from  whooping-cough 
occors  in  the  spring  months,  and  the  curve  suggests  that  this  is  more 
ft  disiiftno  of  the  nervous  system  than  of  the  rospiratory  organs,  n  view 
which,  singularly  enough,  was  maintained  by  the  elder  Dr.  Begbie,  one 
of  the  most  distinguished  of  our  Edinburgh  physicians,  upwards  of 
thirty  years  ago.     The  relations  of  gout  to  diseases  of  the  nervous 
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Bystcm  an  too  obvious  to  call  for  remark.  Phthisis  is  ono  of  the  two 
most  fatal  aooorgoa  of  oar  British  climate,  ono  out  of  every  eight 
deaths  which  occur  being  oauaed  by  consumption.  Its  mortality- 
curro  (Fig.  23)  ahowa  unmistakably  its  intimate  relations  to  narrona 
diaeaaet,  una  affixing  greater  significance  to  its  known  complioatioiui 
with  banditarr  insanity,  scrofula,  and  some  other  mental  diaMcea. 

Bafaranoo  baa  been  made  to  the  influence  of  ihe  heat  of  anmaMr 
oa  cartaia  narrona  disnaww  That  influence  acta  Citally,  boUi 
indirectly  through  the  bowels  in  the  oaae  of  the  Toung,  and  directly 
on  the  nvrrons  oemtroa.    The  onrra  far  oooTalnona  (Fig.  17)  ta 
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identic*!  with  tluit  for  toothing  ^Fig.  23),  and  it  tuy  be  added  tha 
ourre  for  hydrocephalus  is  8ira])ly  a  reprodnotion  of  the  same  co 
Now  these  corres  show  a  small,  but  distinct,  and,  aa  revealed  bj 
year's  figures,  a  constantly  recurring  secondary  maximnTn  in  sum 
which  in  the  case  of  London  is  almost  wholly  duo  to  the  b 
complications  of  thoee  diseases.  Tho  cnrro  (Fig.  24)  for  conToL 
for  Now  York,  where  the  smnmcr  tomporature  is  10'^  ■  0  hotter  tht 
Loudon,  shows  this  feature  of  the  curre  enormously  magnifiec 
much  80,  indeed,  that  instead  of  being,  as  in  London,  an  insigniJB 
secondary  niasiuum,  it  stands  out  aa  tho  prominent  featare  oi 
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ourre.  Whilst  this  result  is  doubtless  largely  duo  to  compUcai 
with  bowel  complaints,  it  is,  ns  an  examination  of  the  statistics  sh 
in  no  small  degree  causod  by  tho  direct  influence  of  the  groat  sum 
heat  of  New  York  on  the  nerrows  centres.  This  is  impressively  sh 
by  the  mortality  curve  for  the  whole  of  the  nervous  diseases  ( 
25),  which  is  even  more  pronounced  in  this  particular  than  the  ci 
for  convulsions  alone  (Fig.  24).  Keeping  this  fact  in  view, 
peaks  showing  an  increased  fatality  in  London  from  cepha 
(Fig.  18)  ond  suicides  (Fig.  19)  during  July  and  August  acquin 
the  eyes  of  the  physician,  a  more  impressive  signiticaucc. 
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TLo  onpvo  for  the  wholo  mortality  (Fig.  4)  shows  S«pt«inber 
and  October  to  bo  two  of  tho  healthiest  months  of  the  year.  The 
three  curves,  scarlet  fever  (Fig.  26),  typhoid  (Fig.  27),  and  diphtheri* 
(Fig.  28),  are  the  most  striking  oxooptioua  to  this,  these  oarrca  all 


Fio.  28. 


Diplitheria. 


indicating  either  a  large  increase  in  the  death-rate  or  a  high  mortality 
daring  those  months.  While  closely  related  to  oaob  other,  each  of 
theae  three  diaeaaea  haa  a  distinct  indiTidaality  of  ita  own  as  regards 
the  times  of  oooonenoo  of  tho  annual  maxima  and  mitiimii  and 
the  Taijiag  amplitudes  of  their  range  from  tho  mean  lino.  It 
ia  a  aingwlar  cironmatanco  that  diphtheria  shows  eloaor  relationa  in 
ita  death-rate  with  typhoid  than  with  scarlet  forer. 

Sereral  other  diaeasea  suggest  oloao  allianoea  with  eaeh  other 
Ihioi^  their  aeaaonal  death-ratea.  Thna  the  ottrre  Cor  mortifioation 
fa  wibaliiitially  that  of  nemraa  diseaaea,  and  the  carres  fur  erynpelaa 
and  poorporal  ferer  are  in  all  osseutial  nvipocts  tho  same,  a  fiMt  of 
BBguar  aaggestiTeaeas  to  the  family  pnu<.titioiK>r.  Tho  onrra  for  old 
■ga  nma  exactly  parallel  to  that  of  pamysis,  tho  old  man's  diaoaae.  The 
etUToa  for  skin  diaeaaea,  rhemBMam,  dropay,  perioarditia,  firight'a 
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diseaae,  and  Iddney  diaeue  exhibit  most  Btriking,  and  in  coAnj  cat 
tho  elooeat  kllianoM  with  Moh  other.  Lastly,  while  bowel  conipLui 
attain  thoLr  groatest  mortality  when  temperatnro  is  highest,  diseai 
of  tho  respiratory  organs  when  it  is  lowest,  norvoaa  diseases  dnxi 
tho  dry  weather  of  spring  and  early  saminer,  and  skin  diseases  ai 
certain  forers  during  the  raw  weatbor  of  antnmn  and  early  winti 
■nob  dirifianns  as  ileus,  that  are  qatte  removed  from  weather  inOnenoi 
exhibit  corroe  which  show  no  obedience  whatever  to  season,  but  oo 
m  snooeadon  of  sharp,  irrogolar  serratnres  resembling  the  teeth  ci 
■aw. 

Atrophy  and  debility  are  most  fatal  to  the  very  young  in  gnmnu 

Fi&sa. 

yf^^l-       Jm     F'h.     Mirtli.   April.    M«jr.     Jum-.     Joljr.    Aug.      8«pl.      Oct      Sot.      D 
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Tbe  Great  Flagne  of  London.  | 

bnt  to  tho  aged  in  winter  ;  in  the  former  cdso  the  complication  bein 
with  Iwwel  comp]  (lints,  and  in  tho  latter  with  diseases  of  tho  rcspirt 
tory  organs.  Tho  annals  of  influenza  show  that  a  special  characti 
is  given  to  this  epidemic  according  to  tho  seasou  of  the  year  in  whid 
it  occurs.  Thus  when  it  occurs  in  spring  the  head  and  norvot 
system  are  most  aSected,  but  the  bowels  when  the  epidemic  prevails  i 
simmier  and  autimiti,  I 

Fig.  29  shows  by  the  donbly-dotted  line,  or  highest  curve,  tH 
weekly  mortality  of  London  during  the  Great  Plague  of  1665,  the  low< 
dotted  curve  the  mean  weekly  mortality  of  the  last  six  plagues,  ao 
the  solid  curve  tho  mean  weekly  mortality  from  all  other  diseast 
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dnriog  the  contiii nance  of  the  last  six  plagues.  The  manner  in  which 
the  plagne,  as  a  death-producer,  obeyed  the  weather  is  striking,  and 
full  of  interest.  It  did  so  exactly  in  the  way  in  which  we  have  seen 
bowel  complaints  to  be  influenced  by  weather.  The  curve  of  mor- 
tality for  the  plagne  bears  no  resemblance  whatever  to  that  for  typhus, 
or  indeed  to  any  disease  except  bowel  complaints.  The  fact  that 
the  progress  of  deaths  from  plagne  in  relation  to  weather  resembles 
so  closely  the  corresponding  progress  of  deaths  from  bowol  complaints, 
raises  the  question  whether  there  may  not  bo  a  closer  alliance  between 
them  than  has  been  suspected.  If  we  are  correct  in  regarding  such  a 
question  as  a  fair  outcome  of  this  investigation  of  the  relations  of 
weather  and  health,  it  is  evident  that  such  investigations  may  occasion- 
ally point  to  a  seat  of  morbid  processes  which  have  been  cloaked  by 
prominent  phenomena,  apparently  of  a  primary,  but  in  reality  of  a 
secondary  character. 

[A.  B.J 
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7^  Vitiotu  of  Sane  Pertont, 
[Reprinted,  witli  (light  rovUioiu,  from  the  <  Fortnii^litlf 


1.3. 
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In  tho  course  of  some  recent  inqmriea  into 
greatly  struck  by  the  freqnency  of  the  replies  in  whi 
described  thoragelves  as  sulyoct  to  "  visions."  Tho8< 
were  sane  and  healthy,  but  were  subject  notwiths 
presentations,  for  which  they  could  not  account,  ai 
oaaes  reached  tho  level  of  hallwciuations.  This  unci 
of  a  visionary  tendency  among  persons  who  form  • 
society  seems  to  me  suggestive  and  worthy  of  being 

Many  of  my  facts  are  derived  from  personal  i 
accuracy  I  have  no  doubt.  Another  group  comes 
ents  who  have  written  at  length  with  much  painst 
letters  appear  to  me  to  bear  internal  marks  of  i 
fciluess.  A  third  pnrt  baa  been  collectt^d  fur  m 
friemls  in  many  coantrioa,  each  of  whom  bus  made 
an  independent  centre  of  inquiry  ;  and  tho  last,  at 
numerous  portion  consists  of  brief  replies  by  stran 
qaostious  contained  in  a  circular  that  I  drew  up. 
all  this  matter  with  great  care,  and  have  cruss-tostec 
whilst  it  was  accumulating,  jast  as  any  oonsoien 
would,  before  I  began  to  form  conclusions.  I  was  ( 
its  substantial  truBtworthinosB,  and  that  convictioi 
been  shaken  by  subsequent  eiiiorionce.  In  short,  tl 
four  groups  I  have  just  mentioned  is  quite  as  consist 
been  reasonably  desired. 

Id  speaking  of  the  tendency  among  sane  and  1: 
see  images  flash  unacoountably  into  existence,  it  m 
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The  lowest  order  of  phenomena  that  admit  of  being  classed  as 
Tisions  are  the  "  Number  forms  "  to  which  I  have  drawn  attention  on 
more  than  one  occasion,  but  to  which  I  must  again  very  briefly  allude. 
They  are  faint  and  fitful  in  many  children,  but  are  an  abiding  mental 
peculiarity  in  a  certain  proportion  (say  5  per  cent.)  of  adults,  who  are 
unnblo,  and  who  have  been  ever  unable  as  far  back  as  they  can  recollect, 
tn  think  of  any  number  without  referring  it  to  its  own  particular 
habitat  in  their  mental  field  of  viow.  It  there  lies  latent,  but  is 
instantly  evoked  by  the  thought  or  mention  of  it,  or  by  any  mental 
operation  in  which  it  is  concerned.  Ilie  thought  of  a  scries  of 
consecutive  numbers  is  therefore  attended  by  a  vision  of  them 
arranged  in  a  perfectly  defined  and  csonstant  position,  and  this  I  have 
called  a  "  Number  form."  Its  origin  can  rarely  bo  referred  to 
any  nnisery  diagram,  to  the  clock-face,  or  to  any  incident  of  child- 
hood. Nay,  the  form  is  frequently  unlike  anything  the  child  could 
possibly  have  seen,  reaching  in  long  vistas  and  perspectives,  and  in 
curves  of  double  curvature.  I  have  even  had  to  get  wire  models 
made  by  some  of  my  infonnants  in  explanation  of  what  they  wished  to 
convoy.  The  only  feature  that  all  the  forms  have  in  common  is  their 
dependence  in  some  way  or  other  upon  the  method  of  verbal  counting, 
as  shown  by  their  angles  and  other  divisions  occurring  at  such  points 
as  thofio  where  the  'teens  begin,  at  the  twenty's,  thirty's,  and  so  on. 
The  forms  ire  in  each  case  absolutely  unchougcable,  except  through 
K  gradual  development  in  complexity.  Their  diversity  is  endless,  and 
the  Number  forms  of  different  persons  are  mutually  anintcUigible. 

These  strange  "  visions,"  for  such  they  must  bo  called,  are 
extremely  vivid  in  some  cases  but  are  almost  incredible  to  the  vast 
majority  of  mankind,  who  would  set  them  down  as  fantostiu  nonsense ; 
nevertheless,  they  are  familiar  parts  of  the  mental  furniture  of  the 
re«t,  in  whose  imaginations  they  have  been  nnconaoiooaly  formed  and 
where  they  remain  unmodifiod  and  nnmodifiablo  by  teaching.  I  have 
received  many  touching  accounts  of  their  childish  exporicncea  from 
persons  who  see  the  Number  forms,  and  the  other  curious  visions  of 
which  I  shall  speak.  As  is  the  case  with  the  colour-blind,  so  with 
these  seers.  They  imagined  at  first  that  everybody  else  had  the  same 
way  of  regarding  things  as  themaelvea.  Then  they  betrayed  their 
peooliaritiea  by  some  chance  remark  that  called  forth  a  stare  of 
•arpriac,  followed  by  ridicule  and  a  sharp  scolding  for  their  sillinesa, 
■o  Uiat  the  poor  little  things  shrunk  back  into  themselves,  and  never 
ventured  again  to  allude  to  their  inner  world.  I  will  quote  just  one 
of  many  similar  letters  as  a  sample.  I  rcoeivod  this,  together  with 
mnoh  interesting  information,  immediately  after  a  lecture  I  gave  last 
Mitoma  to  the  British  Asaooiation  at  Swausoa*  in  which  I  had  occaaion 
to  qtaak  of  the  Number  forms.     The  writer  says: — 

"  I  had  no  idea  for  many  years,  that  every  one  did  not  imagine 
nnmbers  in  the  same  poaitions  as  those  in  which  they  appear  to  mo. 
One  oaforttmate  day  I  spoke  of  it,  and  was  sharply  rebuked  for  mj 


*  See  ■  FnrtoighUy  R«view,'  IVptMntwr  IHM). 
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of  my  cbildish  misery  at  the  droad  of  being  p 
me  so  strongly,  that  I  felt  I  must  thank  yon  foi 
this  particular  at  any  rato,  my  case  is  most  comma 
The  next  form  of  vision  of  which  I  will  speak  I 
ciation  of  colour  with  sound,  which  characterises  i 
of  adults,  but  appears  to  be  rather  common,  thongh 
degree,  among  children.  I  can  here  appeal  not 
collection  of  facts,  but  to  those  of  others,  for  the  s< 
excited  some  interest  in  Germany.  The  first  widel 
that  of  the  brothers  Nusshaumer,  published  in  ] 
Bruhl,  of  Vienna,  of  which  the  English  reader  will 
the  last  volume  of  Lewb's '  Problems  of  Life  and  Mil 
then  many  occasional  notices  of  similar  associatic 
but  I  was  not  awnro  that  it  had  been  inquired  into  i 
any  one  but  myself.  However,  I  was  gratified  1 
pamphlet  a  few  weeks  ago,  just  pnbliKhcd  in  Lei' 
investigators,  Messrs.  Bleuler  and  Lehniann.  1 
oases  is  fullv  as  large  as  my  own,  and  their  result 
portant  matters  are  similar  to  mine.  One  of  the  t' 
faculty  very  strongly,  and  the  other  had  not :  so 
jointly  with  advantage.  As  my  present  object 
details  to  the  general  improssiuu  that  I  wish 
visionary  tendency  of  cevtnin  minds,  1  will  simply 
the  persistence  of  the  colour  associotiou  with  sou 
markablo  as  that  of  the  Number  form  with  uumbei 
the  vowel  sounds  chiefly  evoku  tlioni.  Thirdly,  I 
invariably  most  minute  in  their  description  of  tl 
hue  of  tfio  colour.  They  are  never  satisfied,  for  ini 
"  blue,"  bat  will  take  a  great  deal  of  trouble  to  e: 
the  particular  blue  they  mean.  Lastly,  no  two 
hardly  ever  do  so,  as  to  the  colour  thoy  associate  wi 
I  have  bung  upon  the  wall  one  of  the  most  oxtroon 
these  colour  associations  that  has,  I  suppose,  ever  1 
was  drawn  by  Mr.  J.  Key,  ofGraham'sTovvn,  Sout 
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to  the  same  word.  These  are  perceived  by  many  in  a  vague,  fleeting 
and  variable  way,  bot  to  a  few  thoy  appear  strangely  vivid  and  per- 
manent. I  have  collected  many  oases  of  this  pcoaliarity,  and  am 
much  indebted  to  the  nnthoross,  Mrs.  Hawcis,  who  sees  these  pictures, 
for  her  kindness  in  sketching  some  of  them  for  me,  for  permitting 
me  to  exhibit  them  on  the  screen,  and  to  use  her  name  in  guarantee 
of  their  geuniuent  88.     She  says : — 

"  Printed  words  have  always  had  faces  to  mo ;  they  had  definite 
expressions,  and  certain  faoes  made  me  think  of  certain  words.  The 
words  had  no  connection  with  these  except  sometimes  by  accident. 
The  instances  I  give  arc  few  and  ridiculous.  When  I  think  nf  the 
word  Beast,  it  has  a  face  somctliing  like  n  gurgoylo.  The  word  Green 
bM  also  a  gurgoyle  face,  with  the  addition  of  big  teeth.  The  word 
Blue  blinks  and  looks  silly,  and  turns  to  the  right.  The  word 
Attention  has  the  eyes  greatly  turned  to  the  left.  It  is  difficult  to 
draw  them  properly  because,  like  '  Alice's ' '  Cheshire  oat,'  which  at 
times  became  a  grin  without  a  cat,  these  faces  have  expression  without 
foaturos.  The  cxi)ros8ion  of  course "  [note  the  naire  phrase  "  of 
course." — F.  G.]  "depends  greatly  on  those  of  the  letters,  which  have 
likewise  their  faces  and  figures.  All  the  little  a's  turn  their  eyes  to 
the  left,  this  determines  the  eyes  of  Attention.  Ant,  however, 
looks  a  little  down.  Of  course  tlirse  faoes  are  endless  as  words  are, 
and  it  makes  my  head  ache  to  retain  them  long  enough  to  draw." 

Some  of  the  figures  are  very  quaint.  Thus  the  interrogation 
"  what?"  always  excites  the  idea  of  a  fat  man  cracking  a  long  whip. 
Thi>y  are  not  the  capricious  creations  of  the  fancy  of  the  moment, 
but  are  the  regular  concomitants  of  the  words,  and  have  been  so  as  far 
back  as  tlie  memory  is  able  to  rocall. 

When  in  {lorfect  darkness,  if  the  fit-Id  of  view  bo  carefully  watched, 
many  persons  will  find  a  perpetual  series  of  changes  to  be  going  on 
automatically  and  wostcfully  in  it.  I  have  much  evidence  of  this. 
I  will  give  my  own  experience  the  first,  which  is  striking  to  me, 
bceauKO  I  am  very  unimpressionable  in  these  matters.  I  visoalise 
with  effort;  I  am  ])eculiarly  inn]it  to  see  "after-images,"  "phoa- 
phnnos,"  "  light-dust,"  and  other  phenomena  due  to  weak  sight  or 
sensitiveness ;  and,  ogaiu,  before  I  thought  of  carefully  trying,  I 
should  have  eniplmtioally  declared  that  my  field  of  view  in  the 
dark  was  e«soutiully  of  a  uniform  black,  subject  to  an  occasional 
light-purple  cloudiness  and  other  small  variations.  Now,  however, 
alter  habituating  myself  to  examine  it  with  the  same  sort  of  strain 
that  one  tries  to  decipher  a  sign-post  in  the  dark,  I  have  found  out 
that  this  is  by  no  moans  tlie  catic,  but  that  a  kaleidoscopic  change  of 
patU<ma  and  fonns  is  continually  going  on,  but  they  are  too  fugitive 
and  elaborate  for  me  to  draw  with  any  approach  to  truth.  Mj 
deficiencies,  however,  are  well  supplied  by  other  drawinga  in 
my  possossion.  These  are  by  the  Hev.  George  Uessluw,  whose 
riaiuns  are  tu  more  vivid  than  mine,  liis  eiptnaaooe  arc  not 
nuliko  Iboeo  of  Ooelbe,  who  said,  in  an  o(len-qnot«d  pMMgo,  that 
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Hcusluw,  when    lio   shut   

time  to  see  bofore  him  the  elMtr  imiige  of  some 
usiuUy  not  quite  iiatnrnl  in  its  shape.  It  then  begii 
one  object  to  anothor,  in  his  case  also  for  as  long  a 
to  watch  it.  Mr.  Hcuslow  hAs  zealously  made  repe 
on  himself,  and  has  drawn  what  he  sees.  He  has  ■ 
he  is  able  to  rauuld  the  Tisions  according  to  his  w 
after  much  effort,  ho  contrived  to  bring  the  ima) 
starting  point,  and  thereby  to  form  what  he  terms 
The  following  account  is  extracted  and  condense 
interesting  letter,  and  will  explain  the  photograph 
that  I  am  about  to  throw  on  the  screen. 

The  first  imago  that  spontaneously  present 
bow ;  this  was  immediately  provided  with  an  orro^ 
its  pronounced  barb  and  BU})erubundauce  of  featheriu 
but  too  indistinct  to  recognise  much  more  of  him 
ftpi>oared  to  shoot  the  arrow  from  the  bow.  The 
then  accompanied  by  a  flight  of  arrows  from  right  t< 
pletely  occupied  the  field  of  vision.  These  changed 
then  into  flakes  of  a  heavy  snow-storm  ;  the  ground  g 
as  a  shoot  of  snow  where  proviuusly  there  had  bl 
Tlien  a  well-known  rectory,  fish-ponds,  walls,  &o., 
snow,  caniu  int<i  view  most  vividly  and  clearly  define 
suggested  anotlier  view,  impressed  on  his  mind  i 
spring  morning,  brilliant  sun,  and  a  bod  of  red  i 
gradually  vanished  except  one,  which  appeared  now 
to  stand  in  the  usual  point  of  sight.  It  was  a  single 
double.  The  petals  then  fell  ofl'  rapidly  in  a  conti 
there  was  nothing  left  but  the  pistil,  but  (as  is  almi 
case  with  his  objects)  that  part  was  greatly  exaggora 
then  changed  into  three  branching  brown  horns; 
while  the  stalk  changed  into  a  stick  A  slight  bei 
have  suggested  a  centre-bit ;  this  passed  into  a  m 
through  a  metal  plate ;  this  again  into  a  lock,  and 
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wu  folt  in  ooDTortiog  it  intu  the  croBS-bow  and  thus  rotuming  to  the 
stftTting-point. 

I  have  «  sufficient  variety  of  casos  to  prove  the  continuity  between 
all  the  forms  of  Tisuftlisation,  begiunins;  with  an  almcist  tiitiil  iibscnce 
of  it,  and  ending  with  a  c<>inpletu  hallariiiation.  The  cimtinuity  is, 
hovTovor,  not  simply  that  of  vurving  degrees  of  iiiteoHity,  but  of 
variaticins  in  the  chamotor  of  the  prucuss  itself,  so  that  it  is  by  no 
means  nncommon  to  find  two  very  different  forms  of  it  concurrent  in 
the  same  person.  There  are  some  who  visualiso  well  and  who  also 
are  seers  of  Tisions,  who  declare  that  the  vision  is  not  a  vivid  visual- 
isation, bnt  altogether  a  dilTcrout  phenomenon.  In  short,  if  wo  please 
to  call  all  sensations  due  to  ext«rnal  impressions  "  direct,"  and  all 
others  "  iWuced,"  then  there  are  many  channels  through  which  the 
"  induction  "  may  take  place,  anil  the  channel  of  onlinary  visnaliiiation 
in  the  jwrsons  just  mentioned  is  different  from  that  through  which 
their  visions  arise. 

The  following  is  a  good  instance  of  this  condition.  A  friend 
writes: — 

"  These  visions  often  appear  with  startling  vividness,  and  so  far 
from  depending  on  any  voluntary  effort  of  the  mind,  they  remain  when 
I  often  wish  them  very  much  to  depart,  and  no  effort  of  the  imagination 
can  call  them  up.  I  lately  saw  a  framed  portrait  of  a  face  which 
seemed  more  lovely  than  any  painting  I  have  ever  seen,  and  again  I 
often  see  fine  landscapes  which  bear  no  resemblance  to  any  scenery  I 
have  ever  looked  upon.  I  find  it  difficult  to  define  the  difference 
between  a  waking  vision  and  a  mental  imago,  although  the  difference 
is  very  apparent  to  myself.  I  think  I  can  do  it  best  in  this  way.  If 
you  go  into  a  theatre  and  look  at  a  scene,  say  of  a  forest  by  moonlight, 
at  the  back  part  of  the  stage,  you  see  every  object  distinctly  and 
■officiontly  illuminated  (being  thus  unlike  a  mere  act  of  memory),  but 
it  is  uevi-rthcloas  vague  and  shadowy,  and  yon  might  have  difficulty 
in  telling  oftorwards  all  the  objects  yon  have  seen.  This  resembles  a 
mental  image  in  point  of  clcarneKs.  The  waking  vision  is  like  what 
one  sees  in  the  open  street  in  broad  daylight,  wheu  every  object  is  dis- 
tinctly impressed  on  the  memory.  The  two  kinds  of  imagery  differ 
also  OH  regards  voluntariness,  the  image  being  entirely  subiKirvieut  to 
the  will,  the  visions  entirely  independent  of  it.  They  differ  also  in 
point  of  Huddennoss,  the  images  being  formed  oomparativoly  slowly  as 
\  Bomory  recalls  each  detail,  and  £Mling  slowly  as  the  menbd  effort  to 
retain  them  is  relaxed;  tlio  visions  appearing  and  vanishing  in  an 
iiiatant.  The  waking  visions  loom  quite  clost-,  filling  as  it  wuru  the 
whole  head,  while  the  mental  image  smoM  further  away  in  some  farKtff 
Aoeas  of  tlie  mind." 
The  number  of  persons  who  boo  visions  no  Ioas  distinctly  than  this 
I  oorrespundunt  is  much  greater  than  I  hail  any  idea  of  when  1  bngau 
ftfaia  in(|uiry.  I  aw  permitteil  t<>  exhibit  tb'-  Hkutch  of  one,  profacod 
by  a  description  of  it  by  Mrs.  Uaweis.     She  says: — 

"  All  my  life  long  I  haw  had  one  ferjr  oooatautly  recwriug  vision, 
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a  kigbl  u'LicL  came  whenever  it  wwi  dark  or  durkiab,  iu  bed  ur  utbcr- 
wiw:.  It  i«  tt  (light  of  pink  rosea  floating  in  a  mass  from  left  to  right, 
aud  thin  cloud  <>r  maas  of  roMS  is  presently  e&ced  by  a  flight  of 
*  KparkH '  or  gobl  oiiockleB  aoross  them.  The  sparks  totter  or  vibrate 
from  left  t<>  right,  but  they  fly  distinctly  upwards :  they  are  like  tiny 
bIo<;ki>,  hulf  gold,  half  black,  rather  symmetrically  placed  behimi  each 
other,  aud  they  are  always  in  a  hurry  to  efface  the  roses :  sometimce 
tlioy  have  come  at  my  call,  sometimes  by  surprise,  but  tbey  are  always 
eqmiUy  pleasing.  What  interesta  me  most  is  that,  when  a  child  nnder 
nine,  the  flight  of  roses  wax  light,  slow,  soft,  close  to  my  eyes,  roses  so 
large  aud  brilliant  and  palpable  that  I  tried  to  touch  them :  the  fc<iU 
was  overjtonering,  the  petals  perfect,  with  loaves  peeping  here  and 
there,  texture  and  motion  nil  natural.  They  would  stay  a  long  time 
before  the  sparks  came,  and  they  occupied  a  large  area  in  black  space. 
Then  the  sparks  came  slowly  flying,  and  gcueroUy,  nut  always,  cffiiced 
the  roses  at  once,  and  every  effort  to  retain  the  rosea  failed.  8iuce  an 
'  early  age  the  flight  of  roses  has  annually  grown  smaller,  swifter,  and 
farther  off,  tiU  by  the  time  I  was  grown  up  my  vision  had  become  a 
speck,  so  instantaneous  thut  I  had  hardly  time  to  realise  that  it  was 
there  before  the  fading  i>parks  showed  that  it  was  past.  This  is  how 
thoy  still  come.  The  pleasure  of  them  is  past,  and  it  always  depresses 
me  to  speak  of  them,  though  I  do  not  now,  as  I  did  when  a  child, 
connect  the  vision  with  any  elevated  spiritual  state.  But  when  I  read 
Tennyson's '  Holy  Grail,'  I  wondered  whether  anybody  else  had  had 
my  vision, —' Rose^red,  with  beatings  in  it.'  I  may  add,  I  was  a 
London  child  who  never  was  in  the  country  but  once,  and  I 
connect  no  particular  flowers  with  that  visit.  I  may  almost  say 
that  I  had  never  seen  a  rose,  certainly  not  a  quantity  of  them 
together." 

A  common  form  of  vision  is  a  phantasmagoria,  or  the  appearance 
of  a  crowd  of  phantoms,  sometimes  hurrying  past  like  men  in  a  street. 
It  ib  occasionally  seen  in  broad  daylight,  much  more  ol^en  in  the 
dark ;  it  may  be  at  the  iiistant  of  putting  out  the  caudle,  but  it 
generally  comes  on  when  the  person  is  in  bed,  preparing  to  sleep,  but 
hy  no  means  yet  asleep.  I  know  no  less  than  three  men,  eminent 
in  the  scientific  world,  who  have  these  phantasmagoria  in  one  form  or 
another.  A  near  relative  of  my  own  hod  them  in  a  marked  degree. 
She  was  eminently  sane,  and  of  such  good  constitution  that  her 
faculties  were  hardly  irajjnired  until  near  her  death  at  ninety. 
She  frequently  described  them  to  me.  It  gave  her  amusement 
during  an  idle  hour  to  watch  these  faces,  for  their  expression  was 
always  pleasing,  though  never  strildngly  beautiful.  No  two  faces 
were  ever  alike,  and  no  face  ever  resembled  that  of  any  acquaint- 
ance. When  she  was  not  well  the  faces  usually  came  nearer 
to  her,  sometimes  almost  suffocatingly  close.  She  never  mistook 
them  for  reality,  although  tliey  were  very  distinct.  This  is  quite 
a  typical  case,  similar  in  most  respects  to  njany  others  that  I  have. 
A  notublo  proportion  of  sane  persons  have  hiid  not  only  visions 
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but  actual  liallnciuatiuus  of  sight,  Bouud,  or  other  k«u8v,  at  one  or 
luoru  periods  of  thoir  lives.  I  haTo  a  considerable  packet  of 
instances  contributed  by  iny  personal  friends,  besides  a  large  number 
cominunicateil  to  me  by  otiier  correspondents.  One  lady,  a  distiu- 
gniiihcd  authoress,  wlio  was  at  the  time  a  little  fidgeted,  but  in  no 
way  overwrought  or  ill,  as8nre<l  nio  that  she  once  saw  the  principal 
character  of  one  of  her  novels  glide  through  the  door  straight  up  to 
her.  It  was  about  the  size  of  a  large  doll,  and  it  disappeared  ns 
suddenly  as  it  came.  Another  lady,  the  daughter  of  an  eminent 
musician,  often  imagines  she  hoars  her  father  playing.  The  ilay  she 
told  me  of  it  the  incident  had  again  occurrcil.  She  was  sitting  in  a 
ri.K>m  with  her  moid,  and  she  asked  the  moid  to  open  the  door  that 
she  might  hear  the  music  better.  The  moment  the  maid  got  up  the 
hallucination  dieapjx^ared.  Again,  another  Indy,  apparently  in 
vigorous  health,  and  belonging  to  a  vigorous  family,  told  me  that 
during  some  past  months  she  had  been  plagued  by  voices.  The 
words  were  at  first  simple  nonsense ;  then  tlie  won!  "  pray "  was 
frequently  repented ;  this  was  followoil  by  some  more  or  loss  coherent 
sentences  of  little  import,  and  finally  the  voices  left  her.  In  short, 
the  familiar  hallucinations  of  the  insane  are  to  be  met  with  far  more 
frequently  than  is  commonly  supposed,  among  people  moving  in 
society  and  in  good  working  health. 

I  bave  now  nearly  done  with  my  summary  of  foots ;  it  remains  to 
make  a  few  comments  on  them. 

The  weirdness  of  visions  lies  in  their  sudden  appearance,  in  their 
vividneM  while  present,  and  in  their  sudden  departure.  An  iuoideut 
in  the  Zoological  Gardens  struck  me  as  a  helpful  simile.  I  happened 
to  walk  to  tlie  seal-pond  at  a  moment  when  a  sheen  rested  ou  the 
unbroken  surface  of  the  water.  After  waiting  a  while  I  became 
suddenly  aware  of  the  head  of  a  seal,  block,  conspicuous,  and 
motionless,  just  as  though  it  had  always  been  there,  at  a  spot  ou 
which  my  eye  bad  rested  a  moment  previously  and  seen  nothing. 
Again,  after  a  while  my  ere  wandered,  and  on  its  returning  to  the 
spot,  the  seal  was  gone.  Tlie  water  had  closed  in  silence  over  its 
head  without  leaving  a  ripple,  and  the  sheen  ou  the  surface  of  tlio 
poad  was  as  unbroken  as  when  I  first  rooclicd  it.  Where  liid  the  soikl 
OOOM  from,  and  whither  did  it  go?  This  could  easily  have  been 
answered  if  the  glare  hod  not  obstructed  the  view  of  the  movements 
of  the  animal  under  water.  As  it  was,  a  solitary  link  in  a  continuona 
chain  of  octious  8t(Hid  isolated  from  all  the  rost.  80  it  is  with  the 
visions :  a  single  stage  in  a  series  of  mental  prooesMa  emerges  into 
the  domain  of  couaciousneas.  All  that  preciHles  and  follows  lies 
outside  of  it,  and  it«  character  can  only  )«  inferred.  We  see  io  a 
general  way,  that  a  condition  of  the  presentation  of  virions  lies  in 
the  ovor-aensitiveneM  of  certain  tracks  or  domains  of  bmin  action, 
and  the  andor-sonsitivcnosH  of  others ;  ct>rtain  stages  in  a  mrntitl 
process  being  vividly  representwi  in  couaviousueHa  whiln  tlio  other 
are  onfelt.     It  ia  also  well  known  that  a  ooodition  of  partial 
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faypttnatheu*  and  partial  anieatbesia  is  •  frequent  fonctional 
diaorder,  markedly  so  among  the  bjBterical  and  hypnotic,  and  an 
organic  diaorder  among  thn  insane.  Tho  abuinlnnt  facts  that  I  hare 
ooueoted  neeni  to  fihow  that  it  may  also  cuoxiet  with  all  tlia 
appoaranccs  of  good  health  and  sober  judgment. 

A  oonvonicnt  distinction  is  made  bottrocn  hall nci nations  and 
illusions.  Hallucinations  are  defined  as  appearances  wholly  due  to 
fancy  ;  illusions,  as  misrepresentations  of  objects  actually  seen.  There 
is  also  a  hybrid  cnse  which  depends  on  fanciful  risiuna  faneifnlly 
obaerred.  The  probloniR  we  have  to  cunsider  are,  on  the  one  hand, 
those  connected  with  "  imlurtd  "  vision,  and,  on  tho  other  hand,  those 
connected  with  tho  interpretation  of  vision,  whether  the  vision  b« 
direct  or  induced. 

It  is  probable  that  much  of  what  passes  for  hallucination  propei 
belongs  in  reality  to  tho  hybrid  case,  being  an  illusive  iuterpretatios 
of  some  induced  visual  cloud  or  blur.  I  spoke  of  the  over-varying 
]iattcrn8  in  the  field  of  view ;  these,  under  some  slight  functional 
cliaui;o,  may  become  more  consciously  present,  and  be  interpi«t«d 
into  fantasmal  appearances.  Many  cases,  if  time  allowed,  could  be 
adduced  to  support  this  view. 

I  will  begin,  then,  with  illusions.  What  is  tho  process  by  which 
they  nre  established  t  There  is  no  simpler  way  of  understanding  it 
than  by  trying,  as  children  often  do,  to  see  "  faces  in  the  fire,"  and  to 
carefully  watch  the  way  in  which  they  are  first  caught.  Let  us  call 
to  mind  nt  the  same  time  the  experience  of  past  illuesses,  when  the 
listlcKS  gaze  wandered  over  the  ]>attem8  on  the  wall-paper  and  the 
shadows  of  tho  bod-curtains,  and  slowly  evoked  faces  and  figures  that 
were  not  easily  laid  again.  The  process  of  making  the  faces  is  su 
rapid  in  health  that  it  is  difficult  to  analyse  it  without  the  rectdlectiou 
of  what  took  place  more  slowly  when  we  were  weakened  by  illueKS. 
The  first  essential  element  in  their  construction  is,  I  believe,  the  small- 
ness  of  the  area  covered  by  tho  glance  at  any  instant,  so  that  the  eye 
has  to  travel  over  a  long  track  before  it  has  visited  every  part  of  the 
object  towards  which  tho  attention  is  generally  directed.  It  is  as  with 
a  ]>lough,  that  must  travel  many  miles  bcfnro  the  whole  of  a  small 
field  can  bo  tilleil,  but  with  this  important  diBercnce — the  plough 
travels  meth<Mliciilly  up  and  down  in  parallel  furrows,  tho  eye 
wanders  in  deviuus  ctirvcs,  with  abi-uj)t  bends,  and  the  direction  of  its 
course  at  any  instant  dupeuils  on  four  causes:  on  the  easiest  sequence 
of  musoular  motion,  speaking  iu  a  general  sense,  on  idiosyncrasy,  on 
the  mood,  and  on  the  associatioas  current  at  the  moment.  Tho  efiiect 
tif  idiosyncrasy  is  excellently  illustrated  by  the  "Number  forms," 
where  we  saw  that  a  very  special  slmrply  defined  track  of  mental 
vision  was  preferred  by  each  individual  who  sees  them.  The  influ- 
ence of  tho  mood  of  the  moment  is  shown  in  tho  curves  that  charac- 
terise tho  various  emotions,  as  thu  lank  drooping  lines  of  grief,  which 
make  the  weeping  willow  so  fit  an  emblem  of  it.  In  constructing 
fire -faces  it  seems  to  mo  that  the  eye  in  its  wanderings  tends  to  follow  a 
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fuvouritc  course,  aud  it  especially  iln'olls  niiou  the  marks  thnt  liap])cn 
to  coiucide  with  that  cotirso.  It  fiels  its  way,  easily  divertod  by 
aasooiations  based  on  what  Los  just  l)een  ui>tiecd.  until  at  lost,  by  the 
unconscious  practice  of  a  system  of  "  trial  and  error,"  it  hits  upon 
a  truck  tbut  will  suit — one  that  is  easily  run  over  and  that  strings 
together  accidental  marks  in  a  way  thut  happens  to  form  a  naturally 
connected  picture.  The  fancy  picture  is  thuu  dwelt  upon,  all  that  is 
incongruous  »ith  it  becomes  disreganled,  while  all  deficiencies  in  it 
are  supplied  by  the  fauUisy.  These  latest  stages  might  be  represented 
by  a  diorama.  Three  lanterns  would  converge  on  the  same  screen. 
The  first  throws  an  imago  of  what  the  imagination  will  discard,  the 
second  of  that  which  it  will  retain,  the  third  of  that  which  it  will 
supply.  Turn  ou  the  first  and  second,  and  the  picture  on  the  screen 
will  bo  identical  witli  that  which  fell  on  the  retina.  Shut  ofi'  the 
firiit  and  turn  on  the  third,  and  the  picture  will  be  identical  with  the 
illusion. 

Visions,  like  dreams,  are  often  mere  patchworks  built  np  of  bits  of 
recollections.     The  following  is  one  of  these : — 

''  When  passing  a  shop  in  Tottenham  Court  Koad,  I  went  in  to 
order  a  Dutch  cheese,  and  the  proprietor  (a  bullet-hcuikHl  man  whom 
I  bod  never  seen  before)  rolled  a  cheese  on  the  marble  slab  of  his 
counter,  asking  me  if  that  one  would  do.  I  answered  '  Yes,'  left  the 
shop,  and  thought  no  more  of  the  incident.  The  following  evening, 
ou  closing  my  eyes,  I  saw  a  head  detached  from  the  body  rolling  about 
■lightly  on  a  white  snr&oo.  I  recognised  the  face,  but  could  not 
remember  where  1  had  seen  it,  and  it  was  only  after  thinking  about  it 
for  some  time  that  I  identified  it  as  that  of  the  chocscniongcr  who  had 
sold  mo  the  cheese  on  the  previous  day.  I  may  mention  that  I  havo 
often  seen  the  man  since,  and  that  I  found  the  Tiaiou  I  saw  was  exactly 
like  him,  although  if  1  had  been  asked  to  describe  the  man  before  I 
Mw  the  Tisiun  1  should  have  been  unable  to  do  so." 

BecoUectious  need  nut  be  combined  like  mosaic  work ;  they  may  be 
blended,  un  the  ])riuciple  1  descrilied  two  years  ago,  of  making  com- 
{MMiitv  {Mirtraite.  I  8howc<l  thut  if  two  lanterns  were  convergiHl  upon 
the  same  screen,  and  the  ]>urtmit  of  one  {K-rsiin  was  put  into  one,  and 
that  of  another  person  into  the  other,  the  portruiUi  being  taken  under 
similar  aspects  and  similar  lights,  then  on  adjusting  the  two  images 
eye  to  eye  and  mouth  to  mouth,  and  so  8U})er|>osing  them  as  exactly 
as  thucouditionsodmit,  a  new  face  will  spring  into  exi*t«nce.  It  will 
have  a  striking  appearance  of  individuality,  and  will  U-ar  a  family 
likeucKH  to  each  of  its  oonstituents.  I  also  ahowtd  that  these 
oompoaite  portraits  admitted  of  being  made  photographically  from  a 
large  number  of  components.  1  suspect  that  the  phantasmagoria 
may  be  due  to  blended  memories;  the  uiiuiber  of  possible  cnmbina- 
tiont  would  be  practically  endless,  and  each  oomhiuation  would  give 
a  new  face.  There  would  thus  bo  no  limit  to  the  dies  in  the  ooinago 
of  ihii  brain, 

1  have  found  that  the  poouUaritioa  of  Tisualiaation,  aacli  m  Uio 


It  1mi)]H-iiB  tliat  tlio  mere  acU  of  fasting,  of  waul 
solitary  musing,  arc  severally  couducivo  io  visionB 
been  tuld  of  casee  in  which  persona  acoidcnUllj  1 
food  bvcatno  subject  to  them.  Odo  was  of  a  pleiu 
out  t<i  eea,  and  not  being  able  to  rcnch  the  coast  til 
place  wboro  they  got  shelter  bnt  nothing  to  eat.  Tb' 
at  ease  and  cunscioua  of  safety,  but  they  were  a 
Tisioiis,  half  dreams,  and  half  hallucinations.  The 
following  protracted  wakofiiluess  are  well  known, 
oollcctod  a  few.  As  regards  the  maildcuing  effect 
may  be  sufficiently  inferred  from  the  rce^)gniscd  Ii4\ 
amusenieuts  in  the  treatment  of  the  insane.  It 
spiritual  discipline  undergone  fur  purposes  of  self- 
mortification  b»8  also  the  incidental  effect  of  prodt 
is  to  be  expected  that  these  should  often  bear  a  clo< 
prevalent  subjects  of  thought,  and  although  they  i 
more  than  the  pro^lucts  of  oue  portion  of  the  brail 
portion  of  the  same  brain  is  engaged  in  contojupb 
through  error,  receive  a  religious  sanction.  This 
among  half-civilised  races. 

The  number  of  great  men  who  have  been 
frequently  subject  to  hallucinatiuuB  is  considerable, 
it  would  be  eusy  to  make  large  additions,  is  giT( 
Boismont  ('Hallucinations,  &c.'  18G2),  from  wboi 
following  account  of  the  star  of  the  first  Napolooi 
second-hand,  from  Generol  Rapj) : — 

"In  1806  General  Rapp,  on  his  rottirn  from  the 
having  occasion  to  speak  to  the  Etn])cror,  entered 
being  oniiounccd.      He  found  him  so  absorbed  tl 
unperceivcd.     The  General,  seeing  the  Emperor  col 
thonght  bo  might  be  ill,   and   purjiosely   made  a 
immediately  roused  Limsolf,  and  without  any  pream 


I 


1881.J 


on  the  Vitiotu  of  Sane  Permn 


C55 


history,  and  so  well  known  as  a  metaphor  in  lati^nago,  are  a  common 
hallucination  of  the  insane.  Briorro  de  Boisiuunt  has  a  chapter  on 
the  stars  of  great  men.  I  cannot  dotibt  that  fantasies  of  this  duRcrip- 
tion  were  in  some  cases  the  basis  of  that  firm  belief  in  astrology 
which  not  a  few  persons  of  eminence  furraerly  entertaine<l. 

The  hallucinations  of  great  men  may  bo  accounted  for  in  part  by 
their  sharing  a  tendency  which  we  have  scon  to  be  not  uncommon  in 
the  human  race,  and  which,  if  it  happens  to  bo  natural  to  them,  is 
liable  to  be  developed  in  their  over- wrought  brains  by  the  isolation 
of  their  lives.  A  man  in  the  position  of  the  first  Napoleon  could 
have  no  intimate  associates ;  a  great  philosopher  who  explores  ways  of 
thought  far  ahead  of  his  contemporaries  must  have  an  inner  world  in 
which  he  passes  long  and  solitary  hours.  Great  men  may  be  even 
indebted  to  touches  of  madness  for  their  greatness ;  the  ideas  by 
which  thoy  are  haunted,  and  to  whose  pursuit  they  devote  themselves, 
and  by  which  thoy  rise  to  eminence,  having  much  in  common  with  the 
monomania  of  insanity.  Striking  instances  of  great  visionaries  may 
be  mentioned,  who  bad  almost  beyond  doubt  those  very  nervona 
■eizures  with  which  the  tendency  to  hallucinations  is  intimfttely 
connected.  To  take  a  single  instance,  Socrates,  whose  daimon  was  an 
audible  not  a  visual  appearance,  was,  as  has  been  often  pointed  out. 
subject  to  cataleptic  seizure,  standing  all  night  through  in  a  rigid 
attitude. 

It  is  remarkable  how  largely  the  visionary  temperament  has  mani- 
fested itself  in  certain  periods  of  history  and  epochs  of  national  life. 
My  interpretation  of  the  matter,  to  a  certain  extent,  is  this — That 
the  risionary  tendency  is  much  more  common  among  sane  people 
than  is  generally  suspected.  In  early  life,  it  seems  to  be  a  hard 
lessen  to  an  imaginative  child  to  distinguish  between  the  real  and 
visionary  world.  If  the  fantasies  are  hnbitaally  laughed  at  and 
otherwise  discouraged,  the  child  soon  acquires  the  power  of  dis- 
tinguishing them;  any  incongrnity  'or  nonconformity  is  quickly 
noted,  the  vision  is  found  out  and  discredited,  and  is  no  further 
attended  to.  In  this  way  the  natural  tendency  to  see  them  is  blunted 
by  repreasion.  Therefore,  when  popular  opinion  is  of  a  mattor-of-fact 
kind,  the  seers  of  visions  keep  quiet ;  thoy  do  not  like  to  bo  thought 
fanciful  or  mad,  and  they  hide  their  exporionoes,  which  only  oom«  to 
light  through  inquiries  such  as  tbssa  that  I  have  been  making.  But 
let  the  tide  of  opinion  change  and  grow  favourable  to  snperuatnraliitui, 
then  the  see<s  of  visions  come  to  the  front.  It  is  not  that  a  faculty 
previously  non-sxisteut  has  been  suddenly  evoked,  but  that  a  faculty 
long  smothered  in  secret  has  boon  suddenly  allowed  freedom  to 
express  itself,  and  it  may  bo  to  run  into  extravagaooo  owing  to  iho 
ramoTal  of  reasonable  safeguards. 
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PnoFBssoB  W.  G.  Adaks,  M.A.  F.RS. 

Mofpteiie  Ditturbance,  Aurvra,  and  Earth  Current*. 

Tbs  object  of  cstAblishiDg  a  magnotio  obsortatory  is  to  iletcnnine  i 
any  institnt  the  direction  and  maguitudo  of  tho  earth's  magneti 
foro*!. 

Tho  direction  of  the  raagnctic  force  of  tho  earth  is  the  dircclio 
in  which  a  gnmll  magnetic  needle  would  piitit  when  it  is  frecl 
aaspendod,  so  aa  to  tarn  about  an  axis  passing  throngh  its  coul|B 
gravity.  Bat  it  is  not  easy  to  suspend  a  magnetic  necdio  a»  m^ 
turn  freely,  ond  yet  to  be  snre  that  the  axis  about  whicli  it  torn 
passes  accarntely  through  the  centre  of  gravity  of  the  needle  ;  and  i 
it  does  not  no  pass,  then  on  suspending  the  needle  wo  have  not  onl 
tho  niagni-tic  forc«,  but  also  the  grnvitnting  force  of  the  earth  nctinj 
upon  it  to  turn  it  about  its  axis,  and  the  position  which  it  takes  at 
shows  us  the  direction  of  these  combined  forces  npon  the  magneti 
necdio. 

This  direction  depends  upon  tho  moss  of  the  needle,  for  to  that  it 
weight  is  duo;  it  depends  upon  tho  form  of  the  needle,  and  th 
position  of  its  centre  of  gravity  with  regard  to  tho  axis  on  which  it  i 
hung ;  it  depends  also  on  the  magnetic  properties  of  the  substance 
so  that  it  is  not  easy  to  determine  oven  the  direction  of  the  magnetii 
force  by  a  plan  which,  theoretically,  is  so  very  simple. 

Instead  of  attempting  to  make  tho  required  determinations  b] 
such  a  method,  it  is  necessary  that  a  steadier  mode  of  suspcnsioi 
should  be  adopted,  and  that  may  be  done  as  soon  as  it  is  discovcrei 
in  what  vertical  piano  tho  force  of  gravity,  combined  with  the  carth'i 
magnetic  f<irce,  will  cause  such  a  needlo  to  rest. 

This  is  usuivlly  done  by  loading  a  steel  needle  at  one  end,  anc 
then  magnetising  it  with  its  poles  so  arranged  tlmt  tho  extra  weighl 
of  the  heavier  end  shall  balance  tho  downward  pull  of  tho  magneti< 
force  on  the  other  end.  In  this  case  the  needlo  when  m.ignoti^ed 
will  remain  at  rest  in  a  horizontal  direction  when  suspended  on  a 
point  on  which  it  can  turn  freely  in  a  horizontal  plane. 

A  magnetic  needlo  suspended  in  this  way  has  been  called  a 
declination  needle.  Such  a  needle  is  employed  in  the  mariner's 
compass,  in  our  galvanometers  for  measuring  cnrronts  of  electrioitj, 
and  in  magnetic  observatories  for  dotormining  tho  declination,  or 
what  is  sometimes  called  the  variation,  of  the  magnetic  needlo.     This 
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needle  determines  the  poeition  of  tbo  rertical  plnno  in  which  lies  the 
direction  of  the  earth's  magnetic  force,  and  which  is  called  the  piano 
of  the  mairnetio  meridian.  The  piano  of  the  maynelic  meridian  is 
usnally  different  from  the  vortical  plane  tlirongh  the  north  and  south 
poles,  which  is  called  the  geographical  meridian,  or  the  meridian,  and 
the  an^le  between  these  two  planes  is  the  declination  or  variation  of 
the  magnetic  ncodle. 

If  snch  a  magnetic  needle  as  I  have  just  described  bo  supported 
on  horizontal  knife-e<)gc8  instead  of  being  supported  on  a  point,  the 
needle  when  magnetised  may  remain  at  rest  balanced  in  a  horizontal 
direction,  one  end  being  polled  downwards  by  the  eartli's  vertical 
magnetic  force,  and  the  other  by  tlie  force  of  gravity.  Any  change 
in  the  intensity  of  the  vcrticol  magnetic  force  of  the  earth  will  bo 
shown  by  an  up  or  don-n  motion  of  the  market]  end  of  the  needle. 
Such  an  instrument,  callu<l  a  balance  magnetometer,  is  specially 
adapted  for  showing  any  changes  in  the  vertical  niagnotio  force  of 
the  earth,  and  any  changes  or  disturbances  uf  tho  earth's  rertUial 
magnetic  force  of  which  I  may  speak  this  evetiiug  have  been  deter- 
mined by  means  of  snch  a  balance  magnotoiueter.  Wo  have  then 
our  declination  or  variation  needle  to  determine  tlio  vertical  plane 
called  the  magnetic  meridian,  and  we  have  our  balance  magnetometer 
to  determine  any  changes  which  may  take  place  in  tho  vertical 
magnetic  force  of  the  earth. 

By  the  declination  noodle  we  con  not  only  determine  the  plane  of 
the  magnetic  needle,  but  by  making  the  needle  oscillate  to  and  fro 
horizontally  and  counting  the  number  of  oscillations  in  a  given  time, 
we  oao  determine  the  horizontal  pull  upon  the  poles  of  the  needle ; 
i.  e.  the  intensity  of  tho  earth's  horizontal  magnetic  force  upon  tho 
needle,  jnst  as  by  the  swing  of  a  simple  pendulum  in  a  vertical  plane 
mider  the  action  of  tho  foroe  of  gravity  we  can  determine  the  ]>u11  of 
the  force  of  gravity  upon  the  bob  of  the  pendulum.  By  a  similar 
method  and  by  a  properly  suspended  needle,  either  the  vortical  form 
or  the  total  magnetic  force  of  tho  earth  may  be  determined. 

In  order  then  to  detenuine  tho  direction  of  the  earth's  magnetic 
force,  we  may  make  use  uf  a  declination  needle  to  give  tw  tho  vertical 
pUne,  and  place  the  dipping  needle  in  such  a  position  that  it  will 
oscillate  in  that  plane.  When  it  oomcs  to  rest  it  will  pdint  in  tho 
direction  of  the  total  magnetic  force,  i.  e.  in  the  direction  throngh  tho 
room  of  Faraday's  lines  of  magnetic  force.  In  order  to  dctermino 
the  magnitude  of  that  foroe  the  horizontal  foroe  may  bo  found  by 
finding  tho  number  of  oscillations  of  tho  declination  needle  in  Uio 
way  that  I  have  already  expUined,  and  the»c  three  determinations 
will  givo  ua  tho  direction  and  magnitude  of  tho  earth's  total  magnetie 
fiirce. 

Another  method  of  making  the  re<|uired  detenninatinns  is  to 
take  a  coil  of  copper  wire,  which  is  wound  on  a  circular  framo  in  such 
a  war  aa  to  be  capable  of  spinning  on  a  diameter  uf  tbo  cirouUr 
frame. 
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Farnday  8lio\v<x]  tliut  oti  ttiruiiig  aucb  n  coil  in  a  magnotiR 
current  uf  electricity  is  indiiceil  iu  tliu  coil,  and  the  strength  of  di 
current  is  proportional  to  the  niunbor  of  lines  of  force  cat 
ooil. 

Wo  nmy  dcecribe  each  an  arrangement  aa  a  magnet 
mnchine,  in  which  the  magnet  employed  is  the  earth  itself.  By  mea 
of  this  inBtnimc-nt  wo  may  determine  either  the  horizontal  or  tl 
Tortical  magnetic  force  of  the  earth.  By  placing  the  axis  vertical  ai 
spinning  the  coil  at  a  given  mto  we  may  determine  the  horizoni 
force,  and  by  placing  the  axis  horizuutal  in  the  magnetic  meridii 
and  spinning  the  coil  at  the  same  rate  we  may  determine  the  vertic 
force,  the  currents  produced  in  the  two  cases  licing  in  the  same  rat 
Afi  the  num))ers  of  Uio  lines  of  force  cnt  in  the  two  positions. 

The  greater  the  angle  at  which  the  axis  of  rotation  is  inclined 
the  direction  of  the  lines  of  force,  the  greater  will  be  the  number 
them  included  in   the  revolving  circle  and  the  greater  the  indnci 
current  produced  in  the  ooil. 

Thus  placing  the  axis  in  different  positions  we  get  cnrrenta 
different  strengths,  and  may  readily  see  that  we  get  the  greate 
current  when  the  axis  is  at  right  angles  to  the  direction  of  tfae  liut 
of  force,  i.  c.  to  the  lino  of  the  dip. 

The  current  produced  in  each  half-turn  of  a  coil  of  wire  revolvii 
on  an  axis  is  proportional  to  the  number  of  lines  of  force  cnt  by  tl 
ooil  during  its  rotation,  co  that  the  total  current  in  the  coil  will  ] 
proportional  to  the  number  of  linos  of  force  cnt  by  the  coil  ranltiplif 
by  the  number  of  turns  of  wire  in  the  coU. 

When  the  axis  of  rotation  is  in  the  magnetic  meridian,  but 

pendicular  to  the  lines  of  magnetic  force  of  the  earth,  the  current  i 
that  half  of  the  coil  which  is  moving  from  west  to  east  will  be  fro; 
north  to  south,  and  the  current  in  the  other  half  of  the  coil  which 
moving  from  east  to  west  n-ill  be  from  south  to  north,  so  that  in  tl 
whole  coil  we  get  during  every  half-turn  a  current  in  one  direetic 
all  round  the  coil. 

Ditricg  the  next  half-turn  we  get  a  current  all  round  the  oo 
in  the  same  direction  as  looked  at  from  without,  i.  o.  in  the  opposi 
direction  in  the  coil  of  wire.  The  direction  of  the  current  in  tl 
ooil,  as  we  look  at  it  from  the  east,  is  the  same  as  the  direction  i 
rotation  of  the  coil  as  we  look  at  it  from  tbo  north. 

A  continuous  current  may  be  obtained  from  the  coil  by  reversin 
the  connections  with  the  ends  of  the  coil  by  means  of  a  conimntAt<. 
at  the  same  time  as  the  currents  are  reversed  in  the  coil. 

We  may  further  make  use  of  such  a  coil  to  find  the  direction  « 
the  lines  of  force,  for  if  we  place  the  axis  parallel  to  the  lines  < 
force,  the  currents  in  opposite  halves  of  the  coil  will  balance  on 
another,  because  each  line  of  force  is  cut  twice  by  the  coil,  and  s 
no  current  is  priKhiccd  in  the  external  circuit  through  the  galvanc 
meter. 

If,  then,  we  place  the  ooil  so  as  to  get  no  current  when  we  rotat 
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it,  thcu  the  dirt'ctiun  of  tLc  axis  of  tho  coil  is  tLo  direction  of  the 
dipping  needle,  i.  o,  of  the  magnetic  lines  of  force. 

Wo  will  8uppo.so  now  that  for  some  point  of  time,  say  June  Ist  at 
twelve  o'clock  mid-dar,  the  three  magnetic  elements,  i.  e.  the  declina- 
tion, tho  horizontal  force,  and  tho  vertical  force,  have  been  determined, 
we  have  now  to  consider  tho  changes  or  distorbanocs  prodaced  in  these 
magnetic  elements,  and  the  connection  of  these  changes  with  other 
phenomena,  and  esiHicially  tho  connection  between  auroras,  eftrth 
currento,  and  the  larger  and  more  irregular  magnetic  distarboncca. 

I  have  alrojuly  drawn  attention  to  tho  dccliuutiun  nce<lle  and  the 
balance  magnetometer  fur  measuring  the  changes  of  declination  and 
of  tlio  vertical  force. 

For  measurement  of  the  changes  in  tho  horizontal  force  a  special 
instrument  is  employed,  called  a  bifilar  magnetometer,  in  which  a 
magnet  is  suspended  by  two  thrcatls  which  are  so  placed  that  by 
thflir  torsion  acting  against  the  horizontal  magnetic  fuico  of  tho 
earth,  the  magnet  is  kept  at  rest  in  a  horizontal  position  in  a  direction 
at  right  angles  to  the  magnetic  meridian.  This  completes  the  list 
of  inbtrumeuts  fur  our  uiognetic  observatory.  Any  chacgo  or  dis- 
turbance of  the  horizontal  force  pulls  this  magnet  round  more  or  less 
in  tlio  horizontal  plane,  and  its  change  of  position  is  observed  as  in 
the  other  iuslrumunts.  The  rei>ult8  I  have  to  bring  before  you  this 
evening  have  been  derivo<l  from  the  pliotographie  regibtrations  of 
similar  instruments  in  diflerent  parts  of  tho  world,  so  that  the  motion 
of  the  needle  has  recorded  its  own  tale  on  tho  prepared  paper  which 
ifl  wrapped  on  a  cylinder  driven  by  clockwork,  and  so  placed  as  to 
receive  the  spot  of  light  reflected  by  the  moving  magnetic  needle. 

First,  there  are  regular  daily  and  yearly  changes,  showing  that  tlio 
sun  produces  regular  cliaiiges  in  the  throo  magnetic  elements,  which 
depend  on  the  time  of  thu  day  and  the  season  of  the  year,  so  that  the 
oluMigs  of  position  and  apparent  motion  of  tho  sun  with  r(«pect  tu 
the  plaoo  of  observation  produce  regular  magnetic  changes.  Thoae 
ngniar  daily  changes  are  accompanied  by  and  have  very  genorally 
been  suppoaod  to  l>o  duo  to  electric  currents  or  electric  waves 
traversing  tho  earth's  crust,  and  a  discussion  by  Dr.  Lloyd  of  tlio 
observations  made  by  Mr.  Itorlow  in  iHil  uf  ourreiits  on  telegraph 
wiras  thowed  a  very  close  relationship  betMOen  thu  two-hourly 
ebaoM  of  the  declination  of  tho  needle  and  tho  changes  of  intensity 
and  ureotion  of  earth  current*  on  telegraph  linen. 

Both  Dr.  Lamout  and  Dr.  Lloyd  conclude,  from  tliuir  comiMu-isona 

of  eartli  currents  and   magnetic  changes,   tliut  the  changes  of   the 

,  daelination  neoiUo  cannot  Ix:  due  to  tho  direct  action  of  ue  elcctrio 

I  earrcnt  travoreing  the  c«rtli's  crust,  but  that  th<:8<)  eurrvnta  or  wavea, 

» OTtending  to  a  oonsidcrablo  d('])th,  ult^r  by  induction  the  niagDetism 

>of  the  aarth  itaelf,  and  this  ehunge  of  niMgiieliuu  causes  tlio  obaorred 

changrn    in    the   declination   nee<llo.      Thiu   the    luagnctio    cbaogea 

are  ilie  indirect  effects  of  (not  thu  earth  current  in  its  immediata 

iJMighbourhood  but  of)  a  change  in  tho  magnctisiu  of  tlie  (arth  itaeU^ 
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which  nuty  bo  duo  to  an  electric  wave  extei 
mroa  of  the  onrthV  Mirfaco.  The  point  towi 
current  ia  directed  follows  the  sun  and  w 
hour*  behind,  but  not  the  same  distance  beh 

Theso  «arth  currents  hare  been  ascribed 
Dr.  Lament  regards  them  as  the  results  < 
from  the  sun  ;  De  Sauseuro  regards  them  i 
the  Tapour  being  positively  chnrgfd  and 
Dr.  Lloyd  regards  them  as  etfccts  c>f  solar  bi 
ascribes  them  to  chemical  actions  going  on  i 
crust  of  the  earth,  the  electricity  being  tr 
sphere  by  cTaporntion.  Mr.  Ellis,  of  the  Oi 
shown  the  intimate  relation  between  aolai 
diurnal  magnetic  changes  of  declination 
Greenwich  Observatory  during  thirty-five  y 
by  a  comparison  of  the  observations  of  tho8 
of  his  observations  are  shown  on  a  large 
cnlai^ed  from  his  curves  (published  in  the  ] 
p.  541),  and  they  show  wliat  a  close  relatioi 
activity  and  terrestrial  magnetic  changes, 
und  yearly  periixls  of  the  variations  of  the  dil 
but  there  ako  seems  to  be  in  the  horizoi 
twenty-five  or  twenty-six  days,  wliich  is  th 
Biin  on  bis  axis. 

Other  recent  invci«tigatioDS  have  shown 
netic  changes  depend  not  only  on  the  sun, 
part  due  to  the  action  of  the  moon,  and  th 
the  length  of  the  Innnr  day  and  on  the  pi 
regard  to  tlio  earth.  Just  as  there  arc  regi: 
direction  depends  upon  the  snn,  which  we 
currents,  so  there  are  luuor  earth-currents 
changes  under  the  notion  of  the  moon,  and  i 
effects  are  produced  not  immodbteljr  nndei 
lagging  behind  in  the  case  of  the  lunar  ear 
case  of  solar  earth-currents.  In  the  case  of 
we  cannot  attribute  the  production  of  the  el 
to  thermo-electric  currents  from  one  part 
crust,  and  wc  must  therefore  look  for  som< 
not  find  it  in  the  fact  that  the  moon  causes 
tlie  earth  just  as  she  causes  tides  in  the  ocea 
made  up  of  elastic  materials  and  materials 
altering  their  foini  to  a  considerable  nmoui 
dirccticin  of  the  pull  of  the  moon  upon  them, 
magnetic  Bubstanccs  in  abundance,  whicb  a] 
moon's  attraction,  and  so  from  the  changes 
magnetic  matter  changes  are  produced  in  tbi 
which  must  give  rise  to  induced  currents 
currants.    Let  as  imagine  a  conductor  of  elc 
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Btretching  ttoxa  the  North  Polo  to  tho  equator  and  fixed  in  space,  with 
tho  earth,  a  magnetic  body,  revolving  beneath  it  from  west  to  cast ; 
then  it  follows,  from  Faraday's  laws  of  induced  carrents,  that  the 
revolution  of  the  eartli  on  its  axis  would  cause  a  current  in  the  fixed 
conductor  in  a  direction  from  the  pole  to  the  equator. 
L  If  the  conductor  moved  over  tlie  surface  of  tho  earth  from  west  to 
Pkitt,  Hud  the  earth  did  not  revolve,  or  revolved  at  a  slower  rate,  then 
tho  current  in  tho  conductor  wouhl  be  from  the  equator  to  tho  polo. 
Tho  current  depends  upon  tho  relative  motion  of  tho  earth  and  the 
wire. 

If,  then,  we  have  an  insulated  wire  running  north  and  south,  the 
tides  in  tho  earth's  crust  of  which  I  have  spoken  will  bo  equivalent 
to  a  lagging  behind  of  magnetic  matter,  and  so  we  may  expect  in  that 
wire  a  current  of  electricity  whose  general  direction  would  be  from 
the  equator  to  the  pole.  The  position  of  the  wire  with  reference  to 
the  magnetic  polo  of  the  earth  would  modify  the  direction  of  these 
earth  cnrreuU,  and  it  is  quite  conceivable  tlmt  tho  position  of  England 
with  regard  to  the  magnetic  pole  might  cause  those  regular  earth 
currents  to  bo  greatest  in  the  south-west  and  north-east  direction. 
The  lagging  of  the  lunar  earth-currents  behind  the  position  of  the 
moon  would  also  bo  accounted  for  by  the  lagging  of  the  tides  behind 
the  moon. 

If  this  is  a  true  cause  for  somo  portion  at  least  of  the  lunar  earth- 
currents,  then  the  same  reaaoning  applied  to  the  sun  may  in  a  amaller 
degree  apply  to  the  case  of  the  regular  solar  diurnal  earth  currouts, 
and  may  help  to  account  for  the  lagging  buhind  of  the  effects  duo  to  tho 
•on,  so  that  tho  fact  that  tho  greatest  solar  effect  happens  alK>ut 
2.30  PJi.  may  not  be  entirely  duo  to  the  fact  that  that  is  the  hottest 
part  of  the  day,  but  may  also  in  part  depend  upon  the  tides. 

We  have  now  to  consider  thc«e  more  sudden  changes  of  tho  suspended 
magnets  which  are  distinguished  by  the  nsime  magnetic  disturbunccs. 

In  1874,  Dr.  Lloyd  said  of  them : — "  The  duration  and  the  mag- 
nitude of  these  oscillations  are  as  yet  outside  the  domain  of  law,  and 
probably  depend  upon  so  many  operating  causes  that,  like  tho  gusts 
and  lulls  of  the  wind  in  an  utuiosphfric  storm,  they  will  long  bafllu  all 
attempts  to  refer  them  to  tho  actuating  forces,  or  even  to  reduce  them 
to  order." 

Certain  &ct«  relating  to  those  disturbanoes  have  long  been  known. 
From  the  series  of  observations  started  by  Ganss  in  1834,  and  made 
every  Sto  minutes  at  the  same  times  at  a  variety  of  places  at  first  in 
Europe,  and  aflcrwartls  in  various  parts  of  tho  world,  the  disturb- 
ing power  was  found  to  increase  in  northern  latitades,  also  it  was 
made  out  that  the  appearance  of  a  distarbance  in  several  places 
oeonrred  at  the  same  time,  but  there  were  great  dif^rences  in  tho 
results  at  different  places. 

In  Eurofie  tho  agreement  was  very  close,  and  also  in  .\merica,  but 
the  agroomeut  between  Europe  and  America  was  nut  so  Hatiafoctory. 

The  forre  seemed  to  originate  in  a  certain  pr>int  in  tho  intprinr  of 
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the  oftrth,  ftod  lb*  direction  of  the  disturbing  force  aewBed  to  be] 
oonat*nt,  yet  lometiinee  there  wore  great  dilferc.nc<:«  in  the  deviationfl] 
at  places  not  hr  apart,  and  from  the  result  of  liis  obseryations  Weber 
was  led  to  bolievo  that  tLoro  was  a  cuiitn.-  uf  disturbanoes  which  was ' 
aomewhero  in  the  neighbourhood  of  St.  Petersburg. 

H!>wcver  sndden  aud  unconnected  single  disturbaQces  may  seem 
to  bet,  they  still  f(dlow  certain  laws  in  their  occurrence;  Sabine  foiuid 
that  they  had  daily  and  yearly  variations  from  their  mean  valnes, 
and  that  they  hod  an  eleTen-year  period,  which  agreed  with  the 
eleven-year  period  of  the  appearance  of  sfKits  upon  the  sun. 

Disturbances  are  more  froi]acrit  in  summer  than  in  winter,  and 
this  applies  to  each  hemisphere;  and  it  has  been  confirmed  hy 
various  observers  tliat  they  arc  also  subject  to  the  influence  of  the 
moon.  Lamont  says  of  these  disturbances,  their  cause  is  a  force 
which  is  subject  to  certain  laws,  but  which  does  not  act  constantly; 
the  moan  direction  and  frcqnenuy  have  yet  to  be  disc<iverc«l. 

Observations  have  shonni  that  the  magnetic  disturbances  and 
electric  currents  on  the  earth  are  so  nearly  related  to  ono  another, 
that  people  naturally  look  uj)Ou  the  electric  currents  either  in  the 
'  crust  of  the  earth,  or  in  the  atmosphere  outside  it,  as  the  cause  of 
the  magnetic  disturbances.  Those  currents  in  the  earth  have  usually 
been  attributed  to  changes  of  temperature,  becaose  they  also  are  found 
to  be  in  some  way  governed  by  the  sun. 

Now  let  us  come  to  more  recent  observations  of  magnetic  dis- 
turbances, with  the  improved  methods  of  recording  observations  by 
photography  which  are  now  available.  For  some  years  post  photo- 
graphic records  have  been  taken  of  the  magnetic  elements,  but  the 
curves  have  been  laid  aside,  and  very  little  use  has  been  made  of 
them  ;  so  much  so,  that  some  three  or  four  years  ago  a  circular  letter 
from  Mr.  EUery,  Director  of  the  Melbooruo  Observatory,  was  seut 
round  to  those  scientific  men  who  were  supposed  to  be  interested  in 
the  matter,  to  know  whether  it  was  advisable  to  continue  the  photo- 
graphic records  of  magnetic  changes  at  Melbourne,  which  is  the  most 
southern  station,  and  the  only  station  in  the  southern  hemisphere 
except  Mauritius,  where  such  records  ai-e  taken.  Mr.  Ellery  did  not 
for  one  moment  suppose  that  they  were  of  no  value,  but  as  no  use  was 
made  of  them  ho  wished  to  know  whether  the  money  expended  might 
not  be  better  applied  to  another  purpose.  This  matter  has  been 
taken  up  by  the  Kew  Committee,  of  which  Dr.  De  La  Rue  is  the 
Chitinuan,  and  a  reoommeudation  was  made  that  the  directors  of  all 
observatories  which  possess  instruments  of  the  Eew  pattern  should 
be  invited  to  send  to  Eew  their  photographic  records,  or  careful 
tracings  of  them,  for  a  given  period,  so  that  a  comjiarison  might  be 
made  of  the  results.  I 

The  period  chosen  was  the  month  of  March  1879,  and  records  for  ' 
tlio  whole  mouth  have  been  sent  fi'om  Lisbon,  Coimbra,  Stouyhnrst, 
Vienna,  St.  Petersburg,  and  Bombay,  iu  the  northern  hemiKphere,  and 
from  Molbourue  and  the  Mauritius  in  the  soutiieru  hemisphere. 


lELEMENTS 


Km*    D,xl'y 


Litbon  l)uJ° 


Viawn  Deci'.>       f-r-- 


M  fUershiurf       I 


, 


Zi  kn^Wd.Hor  F. 

M*l  bourne'  /lor  I 
JU*  HorF.  ' 

Lu;bon:  Hor.  F. 


Vian/i/i  .  Ilor^  F. 

S^Atmvtlmri/ 
llv'F 

tbim.Vtrt  F 

St  f^frshiry 
VeH  F 

Sttwthu/vl' 

Vat  P. 


\ 


664 


PrufcMtiT  W.  0.  Adami 


[June  3, 


,  ita  pole  wLicli  attracts  the  umrked  end  of  oar  noedle  must  lie  at  tho 
beginning  of  tho  distarbtncc  to  the  east  of  Kew  and  Lisbon,  to  the 
north  of  Vienna,  and  to  tho  north-west  of  St.  Potersbarg ;  the  Lisbon 
vertical  force  curre  also  shows  it  to  bo  below  the  sorfitce  of  the  earth. 
Hence  an  inductivo  action  cqiiivalunt  to  a  change  of  position  of  the 
north  magnetic  pole  towards  the  geographical  pole  wonld  account  for 
these  changes.  The  strengthening  and  weakening  of  a  magnet  with  its 
north  pole  to  the  north  on  tho  meridian  of  Vienna  might  possibly 
account  for  tho  magnetic  changes  observed  between  9 .30  and  1<) .  30  at 
night,  Greenwich  time,  on  March  15,  1879.  If  wo  attempt  to  explain  this 
distarbanoe  by  currents  of  electricity  or  discharges  of  statical  elec- 
tricity in  the  air  above  the  needles,  then  we  mnst  imagine  that  at  first 
there  is  a  strong  current  from  tho  south-west  over  St.  Petersburg, 
from  the  west  over  Vienna,  and  from  the  north-west  over  Eew  and 
Lisbon,  the  vertical  force  needle  at  Lisbon  showing  that  the  current 
from  the  north-west  lies  somewhat  to  the  east  of  Lisbon ;  that  at  the 
Mauritius  this  cnrront  is  from  the  north,  and  at  Bombay  from  tho 
south. 

Hence  we  mnst  imagine  that  a  current  of  electricity  passes  down 
from  the  north-west  to  the  south-east,  going  on  towards  the  east  over 
Vienna  and  towards  the  north -east  over  St.  Putersburg.  This  mnst 
be  kept  up  very  much  along  the  same  line  throughout  tho  first  jiart  of 
the  disturbance,  and  then  the  current  or  currents  must  be  altered  in 
strength  in  the  same  manner  at  all  stiitions. 

We  will  next  consider  what  would  hardly  be  called  a  magnetic 
storm,  but  a  fow  very  small  deviations  of  the  magnetic  needle,  lasting 
from  about  5.30  to  7 .30  p.m.  on  March  26,  1879  (see  Plate  2).  Only 
the  comparison  of  tho  originals  will  give  the  cloeeness  of  tho 
similiirity  of  the  curves,  and  tho  curves  fur  Vienna  and  Kow  are 
coincident. 

When  tho  declination  needle  is  deflcctod  to  tlio  west,  the  horizontal 
force  nuedle  is  deflected  with  its  marked  end  towards  the  south,  so 
that  in  this  disturbance  the  two  needles  are  drawn  towards  the  south- 
west at  the  sarno  tirao  with  greater  or  less  power,  and  twelve  similar 
curves  are  clearly  trivccd  out  in  the  Vienna  and  Kew  curves  during 
the  two  hours.  From  the  remarkable  similarity  in  these  disturbanceg 
and  their  occnrrence  at  the  same  time,  we  should  expect  that  the  cause 
of  diNturliaDce  is  so  far  removed  from  the  places  of  observation  that 
the  difference  of  their  distances  from  it  need  not  bo  considered.  This 
might  not  unreasonably  be  urged  as  an  argument  in  support  of  a 
theory  that  such  disturbances  are  duo  directly  to  tho  action  of  the 
sun  regarded  as  n  magnetic  body.  These  disturbances  are  all  so 
very  small,  that  but  for  the  comparison  of  photographs  they  would 
probably  be  lost  sight  of,  yet  we  see  that  tho  same  deflections  occur 
itt  tho  same  insttiut  at  Ecvv  and  at  Vienna,  at  St.  Petersburg  and  at 
Melbourne.  The  numerical  comparisons  of  observations  made  every 
five  minutes  on  certain  days  previously  fixed  upon  would  probably 
never  have  shown  the  way  in  which  these  miunto  chtmgos  of  magnetic 
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time  has  arrived  when  thore  should  be  pi 
the  magnetic  elemonU  at  such  au  importan 
of  Good  Hope,  especially  when  the  Frencl 
within  the  last  few  weeks,  to  establish  a  mi 
Horn.  With  observatories  at  Melbnnmo, 
Cape  of  Good  Hope  the  southern  hemisphe: 
and  probably  the  Russian  GoTcrnmcnt  woi 
obsiTvatory  in  the  east  of  Siberia,  where  ; 
uiagnetic  observatory  should  bo  established 

Now  wo  can  readily  show  by  experim 
magnetic  instruments  may  bo  disturbed  in 
the  alteration  of  the  strcugth  of  a  magnet, 
to  represent  the  declination  needle,  the  ii 
biBlar  or  horizontal  force  uee<llo,  we  may  ; 
a  given  position  with  regard  to  them,  and  1 
that  clectn>-raagnet  may  cause  these  needle 
of  a  very  decided  character. 

I  have  08  yot  been  speaking  of  only  mode 
lot  us  eoinc  to  some  of  the  larger  ones ;  a 
tuuity  tlirough  the  kiudue^  of  the  Kow  Co 
at  the  various  observatories  mentioned,  of  e 
August  magnetic  storm,  which  began  at  10 
on  August  11th,  and  for  convenience  mi 
stonns,  one  lasting  from  10.20  on  the  11th 
second  from  11.30  a.m.  on  the  lith  to  7.20 
from  11 .50  a.m.  on  the  13th  to  7  to  8  a.m.  i 
have  prcparo<l  a  largo  shoot  on  which  these 
as  accurately  as  possible  for  the  first  of  thoi 
Plato  3^.  For  this  storm  I  have  also  the 
from  Zi-[\a-Wei.  Tbo  first  storm  began  oi 
iiistnut  at  all  the  stations.  There  is  a  decidi 
the  liorizontel  force  carves,  throughout  the  t 
certain  points  in  it  stand  out  prominently,  A 
storm  is  not  actually  recorded,  because  the 
on  the  time  cylinders  wore  changed  prGcisel 
storm  was  beginning.  The  deflections  ar 
Vienna,  St.  Petersburg,  and,  after  the  very 
Toronto  also.  The  greatest  eflect  is  produc 
similarity  between  the  large  disturbances  at 
Canada,  places  differing  about  6}  hours 
About  11.45,  1  P.M.  ond  2.40  p.m.  there  ai 
of  agreement. 

From  about  4 .  SO  p.m.  to  8  p.m.,  Greenw 
11  a.m.  to  2.30  P.M.,  Toronto  time,  the  di 
Toronto  and  at  Vienna  or  Kew.  This  wo 
action  as  the  cause  of  disturbance.  In  th 
not  BO  much  deflected  as  the  Vienna  curvi 
needle  at  Kow  is  not  nearly  so  sensitive  as  b 
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strengths  of  the  actual  disturbing  forces  at  the  two  places  can  only 
be  obtained  by  comparison  of  the  scale  values  at  the  two  places. 

I  will  draw  yonr  attention  to  one  other  point  on  this  day.  At  9  p.m. 
the  disturbances  are  all  in  the  same  direction,  but  about  11  p.m., 
whilst  St.  Petersburg  agroes  in  direction  with  the  others  in  a  very 
riolent  phase  of  the  storm,  at  Toronto  the  direction  of  the  deflections 
IB  reversed,  and  this  reversal  of  curves  continues  until  about  the  end 
of  this  first  of  the  three  storms. 

The  second  storm,  beginning  abi)at  11.30  a.m.  on  the  13th  and 
lasting  until  the  next  morning,  was  the  most  rcmarkattle  of  the  three. 
It  not  only  baffles  the  telegrajib  clerks,  who  wish  to  keep  out  earth 
currents  from  their  lines,  but  it  even  gi^s  beyond  the  powers  of  the 
magnetic  observatories  which  ore  specially  designed  ti)  watch  over 
them.  Thus  at  Toronto  the  line  goes  off  the  edge  of  the  paper  on 
which  the  j)hotographic  record  is  taken.  At  Melbourne  the  motion  is 
BO  rapid,  and  also  at  Vienna,  that  the  plate  is  not  sensitive  enough  to 
receive  the  impressions,  the  motion  is  too  quick  even  for  photography. 
At  the  time  of  greatest  disturbance,  about  12.20  raid-day,  it  is  very 
remarkable  that  at  Lisbon  and  at  Zi-ki-Woi,  near  Shanghai,  in  China, 
two  plaoes  nearly  in  the  same  latitudo  but  nearly  9  hours  apart  in 
time,  the  vertical  force  is  increased  in  precisely  the  same  way  and  to 
the  aame  amonnt  at  the  same  instant. 

At  Zi-ko-Woi,  in  China,  the  sudden  change  in  the  horizontal  force 
on  the  needle  amounted  to  about  ono  hundredth  part  of  the  total 
horizontal  force,  ond  at  St.  Petersburg  the  change  in  the  horizontal 
forci'  amounted  to  one  thirty-fifth  part  of  the  horizontal  force,  and  ttie 
total  force  was  changed  by  about  one  eightieth  part  of  its  full  value. 

Tlieeo  magnetic  changes  are  8<i  largo  as  to  be  quite  comparable, 
as  we  Bce,  with  the  earth's  total  force,  so  that  any  cause  which  is 
shown  to  be  incomiKiteut  from  the  nature  of  things  to  prodaco  the  ono 
can  hardly  be  held  to  account  for  the  other. 

Since,  as  I  have  shown,  the  largo  disturbances  and  tlio  small 
dietur)>ances  do  not  follow  totally  ditTcront  laws  but  agree  equally 
well  all  over  the  earth,  in  so  for  as  they  agree  we  must  attribute  them 
to  the  same  cause. 

During  this  August  storm,  as  also  during  the  remarkable  storm  of 
January  Slst  last,  groat  difficulties  were  experienced  in  wo- Wing  the 
telegraph  linos,  and  Mr.  Precce  has  been  kind  enoagh  to  send  we 
particulars  of  these  storms. 

I  am  also  greatly  indebted  to  the  Astronomer  Royal  for  acnding 
mo  tracings  of  the  earth  onrrent  photographio  rooorda  taken  at  Oreeo- 
wich  Observatory  during  the  August  storm  on  two  separate  wires, 
one  rnnniug  from  the  north-east  and  the  other  from  the  south-east  to 
(teeenwich.  Tlie  two  tiHcings  are  Iwnt  opposite  ways  at  the  sainA 
tinM,  so  that  when  a  cnrront  was  running  on  ono  lino  towards  Green- 
viflh,  on  the  other  it  was  running  away  from  it,  and  oampftriofl 
Iheso  ooTTos  with  the  earth  -  current  records  from  Derby  sua 
Harorfurdwcat  and  other  places,  it  appears  that  the  general  direction 
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of  cnrrcuU  during  this  sturm  was  from  8oath-we8t  to  north-«ut,  ut 
from  BouUi-itoiith-wo*t  to  north-uorth-esst,  with  raiying  inteitsity 
tho  kgroement  buing  rory  close  between  the  distnrbances  ol 
tho  doolin»ti(>ii  mnxiiu  and  tlio  Bl&ckhe«th  and  Greenwich  photO' 
gnphic  record.  From  Mr.  Preece'a  record  alao  earth  currents  wen 
Tiofent  firom  10.30  a.m.  un  tlio  litb  (i. e.  they  were  noted  within  tea 
mintttoa  of  the  liegiiiuiug  of  tho  magnetic  storm)  to  about  2.30  P.a. 
and  again  from  9  to  midnight.  They  were  rery  violent  on  Angiui 
12th,  beginning  at  11.30  a.m.,  the  beginning  of  tho  Booond  storm 
and  quieting  down  about  i .  30  VM^  then  beginning  at  7 .  30  ant 
lasting  until  9.30  pm. 

Again  on  the  13th,  they  are  strong  for  IJ  hour  from  about  S  ii 
the  morning,  i.  e.  just  about  the  end  of  the  second  magnetic  storm. 

The  general  direction  of  tho  earth  currents  as  observed  at  Derb] 
or  Haverfurdwost,  as  well  as  at  Greenwich,  was  from  north-east  ti 
south-west. 

Again  on  January  Slst  last  another  violent  magnetic  stor 
which.  Mr.  Preece  tells  me,  tho  currents  wore  even  more  violent  i 
in  tho  AiigiiBt  storm. 

Intimately  connected  with  magnetic  disturbances  and  eartl 
currents  is  tho  phenomenon  of  the  auroro  or  pi)lar  light,  which  is  si 
electric  discharge  in  tho  iqtpcr  regions  of  the  atmosphere.  Durinf 
the  August  and  January  stomis  the  aurora  was  well  seen  in  England 
it  was  also  seen  at  St.  Petersburg  and  as  far  cost  as  Siberia 
It  does  not  appear  to  bare  been  seen,  although  it  was  looked  foi 
at  Zi-ka-woi,  in  China,  by  M.  Dochevrens,  the  Director  of  tin 
Observatory,  although  the  nmgnetic  storm  was  so  violent  there  tha 
the  horizontal  force  was  suddenly  changed  by  one  hundredth  part  o 
its  total  amount. 

Wo  may  arrive  at  some  idea  of  the  character  of  the  aurora  b^ 
studying  electric  discharges  in  vacuum  tubes,  and  Dr.  De  La  Rn 
has  olready  brought  this  subject  before  you  in  his  Friday  oveniuj 
lecture. 

Wo  may  gradually  pass  &om  electric  discharges  in  air  of  ordinar 
density,  in  which  we  got  the  well-knovni  electric  spark  between  tw 
surfaces,  to  air  of  less  density  but  better  conducting  power,  and  then  t 
air  of  loss  density  still,  but  of  such  high  resistance  that  no  electrioilr 
will  pass.  Dr.  De  La  Rue  has  showu  that  with  11.000  cells  of  hi 
battery  tho  striking  distance  between  two  points  is  about  six-tenth 
of  an  inch  in  air  of  ordinary  doiisity  of  about  760  ram.  pressure 
When  tho  pressure  in  a  hydrogen  tube  is  reduced  to  21  -7  mm.,  893' 
cells  will  cause  a  discharge  to  take  place  through  30  inches.  Who 
the  pressure  is  reduced  to  •  G42,  about  six-tenths  of  a  mm.,  430  cell 
will  cause  a  discharge  through  the  tube.  When  tho  pressure  is  stil 
further  reduced  to  -0065,  it  requires  8937  cells  to  cause  the  dia 
charge.  So  that  the  spark  passes  more  readily  at  a  pressure  *  G42  mn 
than  it  does  at  a  higher  or  a  lower  pressure. 

This  is  also  tlie  case  with  air. 
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The  lower  regions  of  the  earth's  atmoephore  offer  great  reeistanco 
to  the  passage  of  electricity,  but  ae  we  ascund  the  pressoro  diminishes, 
and  the  electric  resistance  diminisheo,  until  at  last,  at  a  height  of 
between  30  and  40  miles,  a  level  is  reached  where  the  air  offers  least 
resistance  to  the  passage  of  electricity,  where  the  prcssare  is  about 
'897  of  a  mm.;  and  above  that  level  the  electrical  resistance  again 
increases,  so  that  at  a  height  of  about  80  miles  the  battery  of  11,000 
oella  would  not  cnuse  a  spark  to  pass. 

If  wo  take  a  tube  which  has  not  been  very  highly  exhausted,  we 
see  that  the  light  from  the  positive  polo  extends  nearly  through  the 
tube,  and  the  dark  spiico  around  the  negative  polo  is  small.  As  the 
exhaustion  proceeds  and  the  pressure  of  the  air  is  diminished,  the 
electric  spark  jjosses  through  greater  and  greater  lengths  and  changes 
its  character,  until  wo  get  to  the  pressure  corresponding  to  the  least 
reaiiitance.  Beyond  that  the  rcsistauco  increases,  the  dark  space 
around  the  negative  pole  expands,  and  the  molecules  fly  about  more 
freely ;  those  on  the  negative  polo  being  charged  with  electricity, 
and  being  repelled  from  it,  proceed  for  a  lung  distnuce  in  straight 
lines,  and  possess  the  power  of  cansiug  bodies  on  which  they  strike 
to  glow.  In  Mr.  Crookes's  tubes  wc  get  very  beautiful  effects  from 
this  glowing  of  the  glass  tube  itself,  or  from  the  glowing  of 
Bobstauccs  in  the  path  of  the  strcnni.  Wo  may  regard  this  as  a 
stream  of  molcculee  of  gas  charged  with  electricity,  and  we  see  the 
difference  between  this  stream  and  the  ekctric  current  in  a  vacuum 
tube  at  lower  exhaustion  by  the  action  of  the  magiu^t  u(K>n  it.  In  one 
case  the  cnrrent  going  throngh  the  molecules  from  pole  to  pole  in  the 
tube  is  bent  out  of  its  course  by  the  magnet,  and  symmetrically  by 
the  two  poles,  and  returns  to  its  path,  the  line  of  lea«t  resistance 
through  the  moleculcis;  whereas  the  stream  of  molecules  at  the  higher 
exhaustion  carrying  their  electricity  with  them,  are  carried  away  by 
the  electric  charge  upon  them,  and  get  utterly  lost  and  scattered  on 
striking  the  side  of  the  tube,  yielding  np  a  great  deal  of  energy  in 
the  form  of  heat  to  the  tube,  or  to  the  glowing  platinum  or  other 
substance  in  the  tube. 

The  aurora,  as  seen  in  the  north'-eastem  parts  of  Siberia,  where  it 
is  very  often  very  brilliant,  is  described  as  oouaiKting  of  single  bright 
pillars  rising  in  the  north  and  in  the  north-east,  gradually  covering  a 
large  space  of  the  heavens.  These  rush  about  from  plnce  to  place, 
and,  reaching  up  to  the  zenith,  produce  an  appearance  as  if  a  vast 
tent  waa  spread  in  the  heavens,  glittering  with  gold,  rubies,  and 
lupphirca. 

Mom  exact  attempts  have  been  maile  to  doscribo  the  anrora,  and 
imrfaapa  I  may  be  allowed  to  quote  Dalton's  dosctiption  of  an  aurora 
oa  aeen  by  him. 

A  remarkable  red  appoaranco  of  clouds  was  noticed  in  the  southern 
horixon,  which  afforded  light  enough  to  road  by,  and  a  remarkable 
effect  waa  expect^^.  Uo  says: — "Tbcro  waa  a  largo  laminona 
horisonlal  arcL  to  the  southward,  and  one  or  more  conooutrio  arcboa 


tiiirthwurcL  All  the  ftroboe  BMmed  exad 
tlio  magnetic  moridian.  At  10 .  30  atreamci 
running  to  and  fro  from  west  to  east.  Tb 
approoched  the  zouith,  when  all  of  a  sai 
was  covered  with  thein,  aud  exhibited  sad 
description.  The  intensity  of  the  light, 
Tolatility  of  the  beatna.  the  grand  inten 
colours  in  their  utmost  splendour,  VArit 
with  the  must  luxuriant  and  enchanting 
but  at  the  same  time  a  most  pleasing  an 
he  adds  : — "  The  uncommon  grandeur  o 
minute ;  the  variety  of  colours  disappearc 
lateral  motion,  and  were  converted,  ( 
radiations ;  bat  even  then  it  surpassed  i 
aurora,  in  that  the  whole  hemisphere  was 

In  his  address  before  the  British  Asa 
Armstruiig  b{>cu1{8  of  the  sympathy  betw 
sun  and  magnetic  forces  on  the  earth, 
phenomcnuu  seen  by  uido|)cndent  observi 
"  A  sudden  outburst  of  light,  far  oxceedir 
surface,  was  seen  to  take  place,  and  swee; 
jHirtion  of  the  solar  surface.  This  v 
disturbances  of  unusual  intensity  and  n 
extraordinary  brillia;  cy.  The  identical 
of  light  was  observed  was  recordeil  by  an 
deflection  in  the  self-registering  instrumi 
storm  commenced  before  and  cimtinued  a 

The  daily  and  yearly  periods  of  tlie  ii 
in  the  borizontiil  force  dei)endtng  on  the 
agreement  of  the  eleven-year  perind  of 
8{HJt.s,  and  nuroriis  show  that  the  sun  pic 
causing  or  regulating  both  the  regu] 
changes. 

The  sun  may  bo  a  very  powerful  mag 
is  greatly  altered  wo  may  see  the  effect 
bright  faculic  and  iu  the  spots  in  his  att 
miigiietism  would  nffuct  the  magnetism 
eflfect  could  not  be  very  lurge,  unless  t 
intensity  much  greater  oven  compared  t< 
niftgnetised.  Then,  rs  there  are  tides 
probably  in  the  earth's  crust,  so  there  a 
iu  the  uccau  of  air  above  us,  and  may 
dragging  this  air  towards  tliem  as  the 
friction  between  air  and  the  earth,  and  i 
together  may  account  for  the  presence  o: 
positive  electricity  in  the  air  and  uegati 
Again,  these  tides  in  the  atmosphere  wil 
behind  the  revolving  solid  earth,  and  at  a 
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have  a  layur  of  air  wbich  for  air  is  a  comparatiroly  good  conductor  of 
electricity ;  horo,  tbeu,  we  hnve  not  a  lagging  of  the  magnet  behind 
the  conductor  (as  described  in  the  early  part  of  my  lecture),  but  a 
lag);ing  of  the  conductor  bchiud  the  magnet,  and  hence  we  may  expect 
a  curreut  or  a  gradual  ho»]>ing  up  of  electricity  in  the  air  in  the 
opposite  direction  to  the  current  in  the  earth's  crust.  Thus  whilst 
the  tidal  wave  in  the  earth's  crust  would  cuumc  a  current  in  a  telegraph 
wire  from  tlie  e<juator  towards  the  poles,  the  regular  tidal  waves  in 
the  atmoKpliere  would  cause  the  gradual  transfer  of  positive  electricity 
from  the  poles  towards  the  e<[uator.  This  transfer  may  bo  of  the 
nature  of  a  current  of  electricity  or  of  a  mass  of  air  carrying  a  static 
charge  of  electricity  with  it,  for  as  Prufessor  Rowland  has  shown  that 
the  motion  of  a  static  charge  will  produce  magnetism,  so  we  may 
cxpoct  from  the  principles  of  conservation  of  electricity  that  a  change 
in  the  position  of  a  magnet  will,  under  such  circumstances,  produce 
motion  of  the  static  charge  of  electricity.  When  the  air  becomes 
charged  up  to  discharging  point,  then  we  may  get  the  sndJen  dis- 
charges such  as  the  aurora  in  the  air  and  the  earth  currents  in  the 
earth,  and  since  the  conducting  layer  of  air  ajiproaches  nearer  to  the 
earth  in  the  colder  polar  regions,  possibly  within  less  than  20  miles 
of  the  earth's  surface,  it  may  be  found  that  the  discharge  of  the  aurora 
may  even  take  place  from  earth  to  air  by  gradual  slow  discharge, 
aided  as  it  may  bo  by  the  state  of  moisture  of  the  air  and  by  change  of 
temperature  and  other  causes. 

[VV.  G,  A.] 
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Origin  and  Identity  of 

On  a  former  occasion  I  detailed  the  resnll 
in  concert  with  my  esteemed  ooUea^^ue 
"Reversibility  of  the  Kays  of  Metallic 
lecture  will  be  devoted  to  a  record  of  the 
tion  to  three  disputed  questious  in  specl 
(1)  the  Carbon  Spectrum,  (2)  the  Magnef 
Identity  of  the  Spectral  Lines  of  different 

Spectrum  of  Oarbon  Cv, 

The  spectrum  of  the  flame  of  hydrocarl 
repeatedly  described,  first  by  Swan  in  1856 
Watts,  Horren,  Plucker,  Huggins,  Boisb 
others.  The  characteristic  part  of  this 
groups  of  bands  of  fine  lines  in  the  oran 
respectively,  which  are  hereafter  referred  t 
These  four  groups,  according  to  Pliicker 
the  spectrum  of  the  discharge  of  an  induct 
hydrogen  between  carbon  electrodes.  Tl 
the  electric  discharge  in  defiant  gas  at  th< 
pressures. 

Plucker  and  Hittorf  notice  the  entir 
olefiant  gas  of  the  two  bright  groups  of 
described  below)  characteristic  of  the  flam 

Several  observers  have  described  the 
burning  cyanogen.  Faraday,  as  long  ago 
tion  of  Herschel  and  Fox  Talbot  to  it,  an 
observations,!  points  out  as  a  peculiaritj 
spectrum  is  divided  into  three  portions  wil 
that  one  of  the  bright  portions  is  ultra-vio 
Morren,  Pliicker,  and  Hittorf  have  particula 
Dibbits  X  mentions  in  the  cyanogen  flame  1 

*  *  Pioreedings  of  the  Royal  Institution,'  vol 
t  'Phil.  Mug."  8or.  iii.  vol.  iv.  p.  114. 
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orango  and  red  bands  shaded  on  the  less  rcirangible  side  (L  e.  in  the 
opposite  way  to  the  hydrocarbon  bands),  tbo  four  hydrocarbon  bands 
more  or  less  developed,  a  group  of  seTen  blue  lines,  a  group  of  two  or 
throe  faint  blue  (indigo)  lines,  then  a  group  of  six  violet  lines,  and, 
lastly,  a  group  of  four  ultra-violet  lines.  When  the  cyanogen  is  burnt 
in  air,  the  hydrocarbon  biiQ<1s  are  less  developed,  and  the  three  faint 
indigo  lines  are  scarcely  visible,  but  the  rest  of  the  spectrum  is  the 
same,  only  less  brilliant. 

Pliicker  and  Hittorf*  state  that  in  the  flame  of  cyanogen  burning 
in  air  under  favourable  circumstances,  the  orango  and  yellow  groups 
of  lines  characteristic  of  burning  hydrocarbons  are  not  soon,  the 
brightest  lino  of  the  green  group  appears  faintly,  the  blue  group  is 
scarcely  indicated ;  but  a  group  of  seven  fluted  bands  in  the  blue, 
three  in  the  iudigo,  and  seven  more  in  the  violet,  are  well  developed, 
especially  the  last.  When  the  flame  was  fed  with  oxygen  instead  of 
air,  they  state  that  an  nltra-violt-t  group  of  three  flntetl  bands  appeared. 
They  notice  also  certain  red  bonds  with  shading  in  the  reverse  diroo- 
tion,  which  are  better  seen  when  the  flame  is  fed  with  air  than  with 
oxygen.  Other  observers  give  similar  accounts,  noticing  the  brilliance 
of  the  two  series  of  bauds  in  the  blue  and  violet  above  mentioned, 
and  that  they  are  seen  equally  well  in  the  electric  discharge  through 
cyanogen. 

Angstrom  and  Thal^n,  in  a  memoir  "On  the  Spectra  of  Motal- 
loidg,"f  contend  that  the  channello<l  spectra  of  the  hydrocarbon  and 
cyanogen  flames  are  the  sjH>ctra  respectively  of  acetylene  and  cyanogen, 
and  not  of  carbon  itself,  and  that  iu  the  flame  of  burning  cyanogen  wo 
sometimes  see  the  spectnim  uf  the  hydrocarbon  snperposed  on  that  of 
the  cyanogen,  the  latter  being  the  brighter ;  and  that  in  vacuum 
tubes  ountainiug  hydrocarbons  the  cyanogen  spectnuu  observed  is 
duo  to  traces  of  nitrogen. 

No  chemist  who  remembers  the  extreme  sensibility  of  spectro- 
aoopie  teota,  and  the  difficulty,  reaching  almost  to  impossibility,  of 
removing  the  last  tract's  of  air  and  moisture  from  gases,  will  feel  any 
Burpriso  at  the  presence  of  small  quantities  of  either  hydrogen  or 
nitroffon  in  any  of  the  gases  experimented  on. 

Mr.  Lockyer  X  obtained  a  photograph  of  the  spectrum  of  the 
electric  arc  in  an'  atmosphere  of  chlorine,  which  shows  tlie  seriea  of 
flntod  bonds  in  tlio  ultra-viulet,  on  the  strength  of  which  he  throws 
over  the  conclnsion  of  Angstrom  and  Thali;<o,  and  draws  inferoioes 
regarding  the  existence  of  carbon  vapour  abovo  the  chromosphers  in 
the  oormial  atmosphere  of  the  sun,  which,  if  true,  wonld  bo  contrary 
to  all  we  know  of  the  properties  of  carbon. 

The  conclusions  of  Angstrom  and  Thal6n  have  boon  mnoh 
strougthuuod  by  the  resnlta  of  a  series  uf  observations  carried  oat  by 
Professor  Liveing  and  myself. 
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Eleetrie  Are  in  difftraU 

The  experiments  were  made  with  a  D« 
machine,  arranged  for  high  tension,  givi 
capable  of  prodncing  an  arc  between  carbot 
millims.  in  length.  The  carbon  poles  used ' 
and  had  been  provioosly  purified  by  prole 
of  chlorine.  This  treatment,  though  it  r 
metallic  impurities  present  in  the  commen 
the  whole,  so  that  linos  of  calcium,  iron,  m 
still  bo  rocognisod  in  the  arc.  Besidos  th< 
tics,  a  notable  quantity  of  hydrogen  alway 
this  treatment  with  chlorine. 

The  arc  was  taken  in  different  gases  ini 
in  PI.  I.  Fig.  1)  about  60  millims.  in  diam( 
a  tube.  The  two  ends  of  the  tube  (bb)  w 
through  which  were  passed  (1)  the  carbonc 
pieces  of  narrow  glass  tubing ;  (2)  two  oth 
which  currents  of  the  different  gases  oxpei 

The  arc  in  the  globe  filled  with  air  g 
tinuous  spectrum,  on  which  the  green  ai 
were  seen,  also  the  seven  bands  in  the  ind 
4502,  Watts)  as  in  the  flame  of  cyanogen,  i 
six  bands  in  the  violet  (wave-lengths  422 
nltra-violet.  Besides  these  bands,  lines  o; 
were  visible.  The  arc  in  this  case  was  pi 
of  nitrogen  and  carbonic  oxide,  for  in  a  si 
air  is  converted  into  carbonic  oxide. 

On  passing  through  the  globe  a  currei 
bands  in  the  iudigo,  violet,  and  ultra-viol 
they  ceased  to  bo  visible  continuously,  a 
were  only  just  discernible.  On  the  otl 
bands,  yellow,  green,  and  blue,  came  out  t 
liant.  Lines  of  iron  and  calcium  were 
the  current  of  carbonic  acid  gas  and  alio' 
globe,  the  violet  and  ultra-violet  bands  i 
presently  became  permanent  and  bright 
remaining  bright. 

When  a  continuous  current  of  dry  hy 
the  globe,  the  arc,  contrary  to  what  wt 
behaviour  of  the  spark  discharge  in  hydro 
more  than  a  very  short  space,  very  much  1 
acid  gas.  There  was  a  tolerably  bright  c< 
trace  of  bands  in  tlio  iudigo,  violet,  or  v 
lines,  with  the  exception  of  a  fairly  brij 
we  identified,  by  comparison  with  the  spa: 
the  G  lino  of  hydrogen.  The  F  line,  ide 
also  seen  as  a  faint  diffuse  band.     This 
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overpowered  bj  tbo  continaous  spectrum,  but  was  regularly  seen  when, 
from  Borao  variation  in  the  discharge,  the  continuous  spectrum  became 
less  brilliant.  This  was  the  first  occasion  on  which  wc  hod  seen  the 
hydrogen  lines  in  the  arc,  though  Secohi  *  states  that  ho  had  scon 
them  bj  the  use  of  mobt  carbon  poles.  The  hydrocarbon  bands  in 
the  green  and  bine  were  at  intcnr^  well  seen.  Those  in  the  yellow 
and  orange  were,  owing  doubtless  to  the  smaller  dispersion  of  the 
light  in  that  region,  overpowered  by  the  contionuus  spectrum. 
Whereas  when  air  and  CArbonio  acid  gas  were  used,  the  iusido 
of  the  globe  was  quickly  covered  with  dust  from  the  disintegrated 
poles,  scarcely  any  dust  was  thrown  off  when  the  arc  was  passed  in 
hydrogen. 

In  nitrogen  a  longer  arc  conld  be  formed,  and  the  indigo,  violet, 
•nd  ultra-violet  bonds  of  cyanogen  all  came  out  at  intervals  brilliantly. 
The  green  and  blue  hydrocarlxm  bonds  were  also  well  developed. 

Oil  filling  the  globe  with  chlorine,  keeping  a  current  of  that  gns 
passing  tliroiigh  it,  the  arc  would  not  pass  through  a  greater  dis- 
tance than  about  2  millims.  No  metallic  lines  were  visible.  At  first 
the  violet  bauds,  as  well  as  the  green  and  blue  hydrocarbon  bauds, 
were  visible ;  but  gnidunlly,  when  the  current  of  chloriuo  had  been 
passing  for  some  minutes,  there  was  nothing  to  be  seen  but  a  con- 
tinuous spectrum  with  the  green  and  blue  hydrocarbon  bands. 
Neither  of  thcso  bands  were  strong,  and  at  intervals  the  blue  bands 
disappeared  altogether. 

The  arc  would  not  pass  in  a  corrent  of  earbonie  oxide  tbrongh 
•ny  greater  space  than  in  chlorine.  There  was  much  continuous 
■pectrnm ;  the  yellow,  green,  and  blue  hydrocarbon  bands  were  well 
seen,  some  of  the  indigo  bauds  were  just  discernible,  the  violet  had 
Ooorly,  and  the  ultra-violet  quite,  gone  from  sight  No  trace  of  the 
carltouio  oxido  bands,  as  seen  in  the  8|>ark  discharge  in  that  gas,  was 
visible.  This  is  the  more  remarkable  since  under  similar  circnm« 
Btauoefl  two  of  the  characteristic  Hues  of  hydrogen  were  seen. 

In  nitric  oxide  a  very  long  arc  could  be  obtained.  The  violet  anil 
ultra-violet  cyanogen  bumls  were  well  seen,  tho  indigo  Imuds  wuro 
seen,  bnt  weaker.  The  blue  and  green  liydri>carbon  bands  were  also 
teen  well  when  the  are  was  short,  mil  so  w«.-ll  when  tlio  arc  was  long. 
Many  metallic  lines  of  iron,  calcium,  and  magnmium  were  Men. 

In  ammonia  only  a  short  arc  could  he  obtained.  All  the  band* 
were  fiunt,  bnt  the  indigo  and  violet  and  ultra-violet  oyouogoo 
butda  were  always  visible. 

These  expcrimeuU  «-itli  different  gaaoa  eliminate  to  a  large  extent 
the  influenee  of  electric  conductivity  on  the  eharooter  of  the  spectrum. 

Apart  from  tlie  relative  electric  condactivity  of  gases,  it  is  clear, 
from  the  ex]>erimeut8,  that  tho  length  and  obaroctor  of  altomating 
•leotrio  discharges  between  carbon  pidos  in  different  gosoa  do 
not  follow  the  law  which  we  ohould  expoot.     It  will  tequiro  a  pro« 
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longed  aorics  of  cxporimcuta  to  arrive  at  definite  oonclnsions  on  thii 
matter ;  but,  in  the  meantime,  it  is  hiiihly  probable  that  one  of  tU 
main  factors  in  producing  these  remarkable  variations  in  the  arc  wil 
bo  found  to  be  tbo  rolativo  facility  with  which  Uio  carbon  of  the  pola 
combines  vrith  the  gaseous  medium.  J 

On  a  review  of  the  above  series  of  observations,  certain  pofl 
stand  out  plainly.  In  the  first  plncro,  the  indigo,  violet,  and  ultra 
viulot  barids,  characteristic  of  the  flame  of  cyanogon,  are  conspicnoai 
in  the  arc  taken  in  au  atmosphere  of  nitrogen,  air,  nitric  uxide,  o 
ammonia,  and  they  disapi^ear  almost,  if  not  quite,  when  the  arc  i 
taken  in  a  non-nitrogenous  atmosphere  of  hydrogen,  carbonic  oxiiie 
carltonic  acid,  or  chlorine.  These  same  bands  are  seen  brightly  in  tin 
flames  of  cyanogen  and  hydrocyanic  acid,  but  are  not  seen  in  those  o 
hyilrocarbons,  carbonic  oxide,  or  carbon  disulphide.  The  oonolosioi 
socmn  irresistible  that  they  belong  to  cyanogen ;  and  this  conclasin 
does  not  seem  to  us  at  all  invalidated  by  the  fact  that  they  ore  leei 
weakly,  or  by  flashes,  in  the  arc  or  spark  taken  in  gases  supposed  fra 
from  nitrogen  on  account  of  the  extreme  difficulty  of  removing  the  laa 
trooee  of  air.  They  are  never,  in  such  a  case,  the  principal  or  pro 
niincnt  part  of  the  spectrum,  and  in  a  continuous  experiment  they  on 
seen  to  fade  out  in  proportii.iu  as  the  nitrogen  is  removed.  This  con 
elusion  is  strengthened  by  the  recent  discovery  that  cyanogen  is  alMfl 
generated  in  the  electric  arc  in  atmospheric  air.  f 

The  green  and  blue  bands,  chnracterietic  of  hydrocarbon  flames 
aro  well  seen  when  the  arc  is  taken  in  hydrogen ;  but,  though  Icsi 
strong  when  the  arc  is  taken  in  nitrogen  or  in  cldorinc,  they  seen 
to  be  always  present  in  the  arc,  whatever  the  atmr>sphere.  Thii 
is  what  we  should  expect,  if  they  be  due,  as  Angstrom  and  Thol^i 
suppose,  to  acetylene ;  fur  wo  have  found  that  the  carbon  electrode 
always  contain,  even  when  they  have  been  long  treated  with  chlorim 
at  a  white  heat,  a  notable  quantity  of  hydrogen. 

The  hydrocarbon  bands  are  well  developed  in  the  blowpipe  flame 
that  is,  under  conditions  which  appear,  at  first  sight,  unfavourable  fa 
the  existence  of  acetylene.  We  have,  however,  satisfied  ourselves,  b; 
the  use  of  Dovillc's  aspirator,  that  acetylene  may  be  withdrawn  fron 
the  interior  of  such  a  flame,  and  &om  that  part  of  it  which  shows  thi 
hydrocarbon  bands  brightly. 

The  question  as  to  whether  these  bands  ore  due  to  carbon  itseli 
to  a  compound  of  carbon  with  hydrogen,  has  been  somewhat  si mpli 
by  the  observations  of  Watts  and  others  on  the  spectrum  of  carboni' 
oxide.  There  is,  wo  suppose,  no  doubt  now  that  that  compound  hai 
its  own  spectrum  quite  distinct  from  the  hydrocarbon  flame  spcctrmn 
The  mere  presence  of  the  latter  spcctnim  feebly  developed  in  thi 
electric  discharge  in  compounds  of  carbon  supposed  to  contain  n< 
hydrogen,  appears  to  us  to  weigh  very  little  against  the  series  o 
observations  which  connect  this  spectrum  directly  with  hydrocarbons 

In  the  next  place,  it  appears,  from  experiments,  that  the  de 
velopment  of  the  violet  bands  of  cyanogen,  or  the  less  refrangi|)~ 
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Lydrucarbon  bands,  is  not  a  matter  of  temperaturo  only.  For  tho 
apiMwranco  of  the  hydrogen  lines  C  and  F  in  the  arc  taken  in  hydro- 
gen indicates  a  temperatnre  far  higher  than  that  of  any  flame.  Tet 
tho  violet  bands  disappear  at  that  temperature,  and  the  green  bands 
are  well  develojwd.  The  violet  bands  are,  nevertheless,  seen  eqnally 
well  at  the  different  temperatures  of  the  flame,  arc,  and  spark,  pro- 
vided cyanogen  be  the  componnd  under  observation  in  the  flame,  and 
nitrogen  and  carbon  are  present  together  at  tho  higher  temperatures 
of  the  arc  and  spark. 

The  question  of  the  constitution  of  comets,  since  the  discovery  by 
Haggins*  that  the  spectra  of  various  comets  are  identical  with  the 
hydrocarbon  spectrum,  natut&lly  leads  to  some  speculation  in  connec- 
tion with  the  conclusions  to  which  our  experiments  point  Provided 
we  admit  that  the  materials  of  the  oomet  contain  ready-formed  hydro- 
carbons and  that  chemical  or  electrical  actions  may  take  place,  gene- 
rating a  high  temperature,  then  tho  acetylene  epictrum  might  bo 
produced  at  temperatures  no  higher  than  that  of  ordinary  flames  with- 
out any  trace  of  the  cyanogen  spectrum,  or  of  metallic  lines.  Such 
actions  might  be  brought  about  by  the  tidal  disturbances  involving 
collisions  and  projections  of  the  constituents  of  the  swarms  of  small 
mawoa  circulating  in  orbits  round  the  sun,  which  we  have  every  reason 
to  believe  constitute  the  coroutic  structure.  If,  on  the  other  band, 
we  assume  only  the  presence  of  micombined  carbon  aud  hydrogen,  we 
know  that  the  acctrlone  spectrum  can  only  bo  produced  at  a  very  high 
temperature ;  aud  if  nitrogen  were  also  present,  that  we  shoulil  at 
Buoh  a  temperature  have  the  cyanogen  spectrum  as  welL  Either  then 
the  first  supposition  is  the  true  one,  not  disproving  tho  presonoo  of 
nitrogen  :  or  else  the  atmosphere  which  the  comet  meets  is  hydrogen 
only  and  contains  no  nitrogen. 

T^e  Flame  of  Cyanogen. 

The  accompanying  diagram  (PI.  I.  Fig.  2)  shows  tho  relative 
position  of  the  bunds  in  that  part  of  the  S])ectruin  of  the  flame  of 
cyanogen  fod  with  a  jet  of  oxygon  which  is  more  refrangible  thau  tho 
Fruuniiufcr  lino  F.  Only  those  bauds  whioh  are  leas  rcfruugiblu  than 
the  sular  line  L  have  been  before  described,  but  phut<.igru|>ha  show 
another  set  of  two  shaded  bftnds  slightly  Ivtm  rcfraugiblo  than  the 
■oIat  line  N  aocKjmpanied  by  a  jerj  brootl  iliffuse  bMid  of  less  in- 
tonaty  on  the  more  refrangible  sido  of  N;  also  a  strong  shaded 
hand,  which  appears  to  be  absf^lutcly  coincident  with  the  remarkable 
shatlod  band  in  the  solar  spectrum,  which  has  been  desisniat«d  by  tho 
Itittor  P;  aud  near  this,  on  tho  loss  refrangible  Kide,  a  much  fainter 
ditfttso  band,  which  also  seems  to  coincide  with  a  port  of  Uio  ttolar  sih.h'- 
triiin  ikiiisibly  less  luminous  than  tho  parts  on  eittior  side  of  it.  Wntt« 
found  that  the  spectrum  cyanogen  of  the  flame  did  not  disapjieor  when  the 
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flame  wns  coolcil  bj  diluting  tlio  cyanogen  with  carbonic  acid  ;  iui>l  we 
have  foand  that  it  retaiun  its  characters  when  tho  cyanogen  is  burnt  is 
nitric  oxide.  Tho  flame  in  tho  last  case  mnfit  be  one  of  the  hott«^ 
known,  from  tho  largo  anioimt  nf  licat  ovolved  in  the  decomposition  fl 
cyanogen  and  nitric  oxide,  namely,  41,000  and  43,300  units  respec- 
tively. There  is  in  the  case  of  cyanogen,  as  in  the  case  of  so  many 
other  eabstancca,  a  diflerence  in  the  relative  intensities  of  the  different 
parts  of  the  spectrum  at  different  temperatures,  bat  no  other  change 
of  character. 

On  the  theory  that  these  groups  of  lines  are  the  product  of  an 
exceptional  tem}>erutiiro  in  the  case  of  the  cyanogen  flame,  it  is  incon- 
ceivable that  they  could  disappear  by  combustion  in  oxygen,  instead  of 
in  ordinary  air.  Our  observations  accord  with  the  statement  of 
Morren,  Pliicker,  Hittorf,  and  Thalen,  that  a  cyanogen  flame,  fed 
with  oxygen,  when  it  is  intensely  luminous,  still  yields  these  peculiar 
groups.  Wo  have  found  those  peculiar  groupings  in  the  flame  when 
it  had  a  current  of  oxygen  in  the  middle,  and  was  likewise  sor- 
roundcd  outside  with  oxygen.  There  is  nothing  remarkable  in  the 
fact  that  only  a  continuous  speetrtmi  is  seen  to  proceed  from  any 
hydrocarbon  or  nitrocarbon  burning  in  excess  of  oxygen,  as  we 
know  from  Frankland's  cxporimoiits  that  carbonic  acid  and  water 
vapour  at  the  high  temperature  of  flame  under  compression  give  in 
tlic  visible  portion  a  continuous  spectrum.  In  fact,  this  is  what  we 
should  anticipate,  provided  intermediate,  and  not  the  final,  componndl 
are  tho  active  sources  of  the  banded  spectrum.  ■ 

Each  of  the  five  sots  of  bands  shown  in  the  diagram  is  attended 
on  its  more  refrangible  side  by  a  series  of  rhythmical  lines  ex- 
tending to  a  oonsiderahlo  distance,  not  shown  in  the  diagram,  hat 
easily  seen  in  tho  photographs.  ■ 

Coal  gas  burning  in  oxygen  gives  no  bands  above  that  near  ■ 
within  the  range  of  tho  diagram.  Fig.  2  ;  but  beyond  this  our  phot^ 
graphs  show  a  spectrum  of  a  chnrooter  quite  different  from  that  at  the 
less  refrangible  end.  The  most  remarkable  part  of  this  spectrum  is  a 
long  series  of  closely  set  strong  lines,  tilling  tlie  region  betwoen  the 
solar  linos  R  and  S,  and  ending  abruptly  with  two  strong  lines  a 
little  beyond  S.  Tho.<ic  are  linos  of  various  intensities,  not  regularly 
arranged  so  as  to  give  shaded  bands  liko  those  in  the  less  refrangible 
part  of  tho  spectrum.  Beyond  theso  lines  there  is  another  large 
group  of  lines,  not  so  strong  or  so  closely  set,  but  sharp  and  well 
define<l.  This  peculiar  part  of  the  spectrum  is  really  due  to  the 
vapour  of  water,  and  shall  be  discussed  in  the  sequel. 


Spark  Discharge  in  varicnt*  0<uet. 

Mr.  Lockyer's  experiments  on  the  spectrum  of  carbon  compoont 
are  directly  opposed  to  the  results  given  above,  as  will  bo  understood 
by  the  following  extract  from  one  of  his  papers  on  the  subject :  • — 
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"  I  beg  permission,  therefore,  in  tLe  meantime,  to  snbmit  to  the 
notice  of  the  Society  an  oxpcriment  with  a  tube  containing  CC1„* 
whieli,  I  think,  esUblishos  the  conclusions  arrived  at  by  prior 
iurcstigators.  And  I  may  add  that  it  is  the  more  important  to 
settle  the  question,  as  Messrs.  Liveing  and  Dewar  have  already  based 
upon  their  conclosiuns  theoretical  views  of  a  kind  which  appear  to 
me  calculated  to  mislead,  and  which  I  consider  to  have  long  been 
shown  to  be  erroneous."  The  following  experiments  have  been  made 
to  test  the  accuracy  of  our  previous  work,  and  to  confirm  or  disprove 
Mr.  Ijockyer's  views. 

The  form  of  sparking  tube  employed  was  similar  to  thnt  used  by 
Balct.  This  was  attached  by  thick  rubber  tubing  to  a  straight  glass 
tulx)  of  which  one  half,  about  6  inches  long,  was  filled  with  phospfaorio 
Anhydride,  and  the  other  half  with  small  fragments  of  sodo-limo  to 
prevent  any  chlorine  from  the  decomposition  of  the  tetrachloride  by 
the  spark  from  reaching  the  Sprengel  pump.  The  tetrachloride  used 
had  been  pre]>arcd  in  our  own  lalmratory,  and  fractionatc<l  nntil  it 
had  a  constant  boiling  point  of  77"''  C.  Sufficient  of  it  was  introduced 
into  the  sparking  tube  to  fill  nearly  one  quarter  of  the  bulb  at  the 
end,  and  the  whole  interior  of  the  tabo  thoroughly  wetted  with  it  in 
order  to  facilitate  the  removal  of  the  last  traoes  of  air. 

When  the  tube  containing  the  tetrachloride  had  been  eo  for  ex- 
hanstod  that  little  but  condensiblo  vapours  were  pum}>ed  out,  the 
bulb  was  licatc^d  so  as  to  fill  the  apparatus  with  vapnor  of  tetra- 
chloride, the  pump  still  going,  and  this  was  repeated  as  long  as  any 
incondensiblo  gns  was  extnu'ted.  Sparks  were  then  paMed  through 
the  tube  for  a  short  time,  the  pump  still  being  kept  going.  After  a 
short  time  it  was  unnecessary  to  keep  the  pump  going,  as  all  the 
chlorine  produced  by  decomposition  of  the  tetrachloride  was  absorbed 
by  the  soda-lime.  On  now  examining  the  e])ectrum,  no  trace  of  any 
of  the  bunds  we  ascribe  to  nitrocarbons  could  bo  detected,  cither  by 
the  eye  or  by  photography,  however  the  spark  might  be  varied.  Tlie 
Tiolet  lines  of  chlorine  described  by  Salet  were  more  or  less  visible, 
ooming  out  brightly  when  a  condenser  was  used.  Several  tubes  wore 
treated  in  this  way,  and  many  photographs  taken,  but  always  with 
the  same  result ;  no  trace  appeared  of  either  the  seven  blue,  the  sis 
violet,  the  five  ultra-violet,  or  of  the  still  more  refrangible  bands  uf 
the  cyanogen  tluiiie.  All  the  photographs  showed  tlirco  lines  in  the 
nltra-viulot,  but  these  do  not  at  all  resemble  the  uitroc&rbon  Iwnds, 
M  they  are  not  shaded.  '1  he  least  refrangible  of  the  three  is  Deurly 
ooiaoident  with  the  middle  maximum  in  the  ultra-violet  set  of  five 
buMls,  bat  the  other  two  do  not  coincide  with  any  of  these  maxima. 
Whea  k  condenser  is  nsed,  those  three  lines  come  out  with  much 
gmttar  intensity,  and  two  other  triplets  appear  on  the  more  rofran- 
IpbU)  side,  as  well  as  other  linos.  In  order  to  compare  the  p«i«itions 
of  these   lines   with    the   cyanogen    bands,  we   have  taken   several 
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pbotograplis  of  tho  epark   in  tetmcblo^i 
cyanogen  flamo,  tho  latter  boing  tlirown  ■ 

Not  ono  of  many  photographs  so  taken 
cyanogen  bands.  The  guncrul  character  < 
spectniin  of  the  spark  in  carbon  totrachloi 
denser  (but  not  the  exact  position  to  scale  o 
lines)  ia  shown  at  B  in  Fig.  2,  At  0  i 
shown  the  brightest  of  the  additional  lines 
nse  of  a  condenser.  Photographs  of  Bpar 
acid  showed  a  precisely  similar  group  of  alt 
three  lines  which  our  photographs  show  an 
nitrooarbon  bands  are  due  to  chlorine. 

HaTing  satisfied  ourselves  by  repeated 
totmchloride  or  trichloride,  if  free  from  niti 
the  bands  wc  ascribe  to  nitrocarbon  compel 
determine  whether  tho  addition  of  nitrogen 
if  so,  what  quantity  of  nitrogen  would  make 

For  this  purpose  we  introduced  a  miuul 
of  ammonia,  carefully  weighed,  and  wrappec 
neck  of  one  of  tho  sparking  tubes  contaii 
connected  the  tube  to  the  Sprengcl  pump,  anc 
Tho  spark  examined  in  the  tube  showed  ni 
baud.  A  pinch-cock  was  now  put  on  the  m 
mate  heated  by  a  spirit-lamp  to  docompositi 
into  nitrogen,  water,  and  oxide  of  chromin 
spark  the  six  violet  bands  were  well  seen.  T 
condition  of  tlio  coil  or  rhootome,  so  that  4 
character  as  it  had  been  bi'fore  when  nc 
visible,  and  the  cliango  in  tho  spectrum  ca 
change  in  the  sjiark.  Tho  woiybt  of  the 
•0005  and  -0006  grm.;  and  the  nitrogen  tl 
just  nbtiut  ^g  of  a  cubic  centimetre  at  atmos] 
held  30  cub.  ccntinia,  bo  tlint  vajwur  of  < 
mixed  with  ^Jj  part  of  its  volume  of  nitro( 
of  the  electric  spark  tlie  nitrocarbon  bauds 
ezperitnents  confirmed  this  result.  It  is  n 
nitrocarbon  bands  were  not  seen  insfautam 
nitrogen  into  tho  tube,  but  were  gradual! 
necessary  that  a  certain  quantity  of  nitroco 
formed  nudor  the  influence  of  the  electric  d 
before  its  spectniin  became  visible. 

A  tubi>,  cdiitaiuiug  naphtbidine,  previous 
sulphuric  acid,  dried  and  resublimcd,  was 
pump,  and  treated  as  the  tnbes  with  totn 
spark  in  this  tube  likewise  showed  no  niJ 
time  tho  tube  cracked,  and  then  the  nitro 
appearance,  and  on  setting  the  pump  goin 


1881.] 


on  llui  Origin  and  Llenlity  of  Spectra. 


C83 


pumped  out.  When  the  air  hnd  ngain  been  pretty  completely 
exhausted,  the  nitrooarbon  bandB  ncrc  no  longer  visible,  but  gradu- 
ally renppenrod  again  as  air  leaked  through  the  crack.  Another 
tube,  containing  a  mixture  of  naphthaline  and  benzol,  showed  no  trace 
of  the  nitrocarbon  bands. 

The  obserTution  of  the  nitrocarbon  bands  in  the  spectrum  of  the 
spark  in  naphthaline  was  one  of  the  reasons  which  led  Watts  at  one 
tiiue  to  ascribe  these  band  a  to  free  carbon. 

In  our  first  experiments  with  carbonic  oxide  the  gas  was  mode  by 
the  action  of  sulphuric  acid  on  (lric<l  fonuiate  of  sodium. 

At  first  the  six  violet  cyanogen  bands  were  well  seen,  and  the 
■oven  blue  bands  faintly  ;  but  gradually,  as  the  air  become  more 
completely  expclIo<l,  the  blue  bonds  disappeared  entirely,  and  then 
the  violet  bands  so  far  died  out  that  it  was  only  by  manipulating  the 
coil  that  they  conld  be  made  visible,  and  then  only  very  faintly.  A 
bubble  of  air  about  ^ ^,  part  of  the  volamo  of  gas  in  the  generating 
flask  and  tube,  was  now  introduced,  when  almost  immediately  the 
bandB  reappeared  brightly.     As  the  stream  of  gas  continued,  they 

'  ag^un  gradually  died  away  until  they  were  represented  only  by  a 
iaint  haze.  It  was  subsequently  found  that  each  introduction  of  fresh 
acid  into  the  flohk  was  attended  with  a  marked  increase  in  the  bright- 
ness of  the  nitrocarbon  bauds,  which  died  away  again  when  the 
current  of  gas  was  continued  without  fresh  introduction  of  acid.  On 
testing  the  acid  it  was  found  to  contain,  as  is  frc«iueiitly  the  case 
with  sulphuric  acid,  a  very  small  quantity  of  the  oxides  of  nitrogen. 
The  difficulty  of  getting  all  the  air  expelled  from  the  apparatus 
and  reagents  led  us  to  adopt  another  method  of  making  carbonic 
oxide.  Carbonic  oxide  was  generated  by  heating  in  a  tube  of  hard 
glnss  in  a  combustion  furnace  a  mixture  of  pure  dry  potossinin 
uxaluto  with  one  quarter  of  its  weight  of  quicklime,  the  mixture 
Itaviug   been  previously  heated  for   some    time   to   expel    traces  of 

,  knUQOuia.  No  trace  whatever  of  the  nitrocarbon  bauds  oonld  be 
detected  in  this  carbonic  oxide,  however  tlie  spark  might  be  varied. 
The  {mcsuro  of  the  gas  was  reduced  to  1  inch  of  mercury,  while 
the  ■pootmm  was  observed  fn.>m  time  to  time.  Still  no  trace  of 
the  nitrocarbon  bands  could  bo  deto(;ted.  More  of  tho  oxalato  wan 
heated,  and  the  observations  ropoato>l  again  and  again,  always  with 
tbo  HUno  result.  Carbonic  oxide,  tborcf<iro,  if  quite  free  from 
nitrogen,  does  not  give,  at  tho  atmimphcriu  or  any  less  prownre, 
tho  nitrucarlwn  8|iectrum, 

On  pnaaing  the  »]>ark  bctwnon  rarbon  poles  in  nitrognn,  tho  uitro- 

\  carbon  bands  are  plainly  seen  ;  and  remain  viKihlo  through  great 
Tariations  in  the  character  of  the  spark.  Phot4>graphs  taken,  with 
mad  without  the  um  of  the  condenser,  showed  the  violet  and  ultra- 
violet nitnicarl>on  bands,  including  thoeo  near  N  and  P.  If  the 
Ditrogou  was  swept  out  by  a  current  of  carbonic  acid  gas,  on  pandaff 
Uio  (park  tho  nitrocarbon  bands  conld  no  longer  bo  detected,  ana 
photographs  showed  no  trace  of  any  of  the  ultra-violet  band*. 
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In  «U  Uie  (angpiag  experimenta  the  Imad*  which  Angstrfim  and 
ThaMa  aacribe  to  faydroearbona  were  al  waya  more  or  lees  pLtinly  seen. 
Vach  more  care  than  haa  generally  been  thought  neceasary  ia  needed 
if  the  last  traoea  of  hydrogen  and  its  componnde  fkxe  to  be  remored 
from  8{>ectnd  tnbea.  Indieed,  water  canunt  be  completely  remorrd 
from  apparatus  and  reagenta  which  do  not  admit  of  being  heated  to 
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Thna  a  mixtnre  of  carbonate  of  aodiom  and  boric  anhydrid 
previonaly  to  admixture  heated  red  hot,  waa  introduced  into  one  end 
of  a  piece  of  combustion  tube,  near  the  other  end  of  which  wires  had 
been  sealed,  and  the  open  end  drawu   out ;    the  mixtaro  vras  then 
heated,  and  when  it  was  judged  that  all  the  air  was  expelled,  the  tni 
was  sealed  off  at  atmospheric  pressure.     On  passing  sparks  tlirongh 
oarbomic  oxide  bands  and  oxygen  lines  could  be  seen,  bat  no  hydrug< 
hydnicarbon,  or  nitrocerbon  bands  could  be  detected.     It  appeal 
therefore,  that  the   application  of  a  red  heat   is  likely   to   proTe 
more  effectual  means  of  getting  rid  of  moisture  than  the  vgc  of  any 
desiocating  agent 

An  the  groups  of  shaded  bands  aeen  in  the  more  refraugible 
part  of  the  spectrum  of  a  cyanogen  flame,  of  which  the  three  whi<  ' 
can  be  detected  by  the  ero  are  defined  by  tbcir  waTe-leiigths  (46i 
to  4502,  4220   to  4158,  and   38S3  to  3850),  due  to  the   Ta{>our 
nncombined  carbon,  or,  as  wo  conclude,  to  a  compound  of  carbon  wii 
nitrogen  ? 

The  eridenco  that  carbon  con  take  the  state  of  raponr  at  the 
temperature  of  the  electric  arc  is  at  present  very  imperfect.  Carbon 
shows  at  such  tcrajtcraturcs  only  inci])ieut  fusion,  and  that  nncom- 
bined carbon  should  be  Taporised  at  the  far  lower  temperature 
of  the  flame  of  cyanogen  is  so  incredible  an  hypothesis,  that 
ought  not  to  be  acoe]ited  if  the  phenomena  adiuit  of  any  othi 
probable  explanation.  On  the  other  hand,  cyanogen  or  hyd 
cyanic  acid  is  generated  in  large  quantity  in  the  electric  arc 
in  nitrogen,  and  Berthelot  has  shown  that  hydrocyanic  acid 
produced  by  the  spark  discharge  in  a  mixture  of  acetylene  and 
nitrogen,  so  that  in  the  cases  in  which  these  bands  shine  out  with  the 
greatest  brilliauoe,  namely,  the  are  in  nitrogen  and  the  cyanogen 
flame,  we  know  that  nitrocarbon  com|>ounds  are  present.  Fnrthc^r,  we 
have  shown  that  these  bands  fade  and  disappear  in  pro]M)rtion  as 
nitrogen  is  removed  from  the  arc.  Angstrom  nnd  Thali-n  had  previ- 
ously shown  the  same  thing  with  regard  to  the  di6char>;e  between 
carbon  electrodes ;  and  the  c^)ncln8ion  to  which  they  and  wo  have 
come  would  prol»bIy  liave  commanded  universal  assent  if  it  hod  not 
been  for  the  fact  that  these  bauds  had  been  seen  in  circumKtancos 
where  nitrogen  was  supposed  to  be  absent,  but  where,  in  reality,  the 
difliculty  of  comj)letely  eliminating  nitrogen,  and  the  extreme  sensi- 
bility of  the  spt'ctroscopic  test,  had  been  inadequately  apprehendeil. 

Our  argument  is  an  induction  from  a  very  long  series  of  observa- 
tions which  lead  to  one  conclusion,  and  hardly  admit  of  any  othei; 
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explanation.  Mr.  Lockyer,  however,  attempts  to  explain  tbo  dis- 
•ppoaraoco  of  the  bands  when  nitrogen  is  absent  by  the  Btatoraent, 
"  that  the  tension  of  the  current  oiuxl  now  brings  one  set  of  flatin^s 
into  prominence,  and  now  another."  This  is  no  new  observation.  It 
is  well  known  that  variations  in  the  discharge  produce  variations  in 
the  relative  intensities  of  different  parts  of  a  si>cctrnm.  Certain  lines 
of  magnesium,  cadmium,  zinc,  au<l  other  metals,  very  brilliant  in  the 
spark,  are  not  seen,  or  are  barely  seen,  at  all  in  the  arc.  His  remark 
might  be  applied  to  the  spectra  of  compounds  as  well  as  to  those  of 
elements.  Variation  in  the  discharge  accounts  very  well  for  some  of 
the  variations  of  intensity  in  the  bands  if  they  be  due  to  a  nitrocarbon  ; 
it  will  not,  however,  account  for  the  fact  observed  by  ns,  that  the 
bands,  or  those  of  them  which  have  the  greatest  emissive  power,  and 
are  best  developed  by  the  particular  current  nscd,  come  out  on  tho 
atldition  of  a  miuute  quantity  of  nitrogen,  when  there  is  every  reason 
to  think  that  no  variation  of  the  current  occurs. 

Much  tho  same  may  be  said  with  regard  to  tho  changes  of  the 
spectrum  produced  by  changes  of  temi>crature.  We  cannot  infer 
from  any  of  these  changes  that  tho  spectrum  is  not  doe  to  a 
compound. 

Again,  Mr.  Lockyer  attempts  to  get  over  the  diiBcnlties  of  his  cue 
by  the  supposition  that  "  the  sets  of  carbon  flutingH  represent  different 
molecular  groupings  of  carbon,  in  addition  to  that  or  those  which  give 
us  tho  line  spectrum." 

Now,  nntil  independent  evidence  can  be  adduced  that  carbon  csn 
exist  in  the  stato  of  uncombined  vapour  at  the  temperature  of  ■ 
cyanogen  flame,  and  that  different  groupings  in  such  vapour  exist, 
the  hypothesis  here  enunciated  is  a  gratuitous  one,  bo  long  as  the 
existeuoe  of  nitrocarbon  compounds  in  the  flame,  arc,  and  spark  will 
sufficiently  explain  tlie  facts. 

The  observation  above  recorded,  that  there  is  in  the  spectrmn  of 
cyanogen  a  strong  shaded  band  coincident  with  the  very  characteristia 
dark  shaded  band  P  of  the  solar  B{)octmm,  strengthens  materially  tho 
evidence  in  favour  of  tho  existence  of  those  bands  in  tlie  scdar 
spectrum ;  the  more  so,  as  the  scries  of  lines  at  P  has  far  more  of 
the  distinctive  character  of  the  cyanogen  spectrum  than  any  other 
Beri(«  in  the  ultra-viidet  part  of  tho  solar  spectrum. 

The  hypothesis  that  if  present  they  are  due  to  vaponr  of  carbon 
uncombined  in  tho  upper  cooler  region  of  tlie  chromoapbcra 
■eems  absurd.  One  object  of  our  investigations  has  b«Mi  to 
dalennine  the  permaneni«  of  oomiM>uudH  of  the  non  -  meliUio 
elements,  and  the  sensitiveness  of  the  apeotroaoopio  teak  ia 
regard  to  them.  It  appi<aro<l  probable  that  if  such  compounds  exist 
in  the  solar  atmosphvro  their  presence  would  bo  mn«t  di«tin<rtly 
revealed  in  the  more  refrangible  part  of  tho  spectrum.  In  the  mean* 
time  it  ia  snffloiontly  dear  tbat  the  preaence  of  nitrogon  in  tho  aulor 
atmoapbore  may  be  recognised  through  oyanogeQ  when  fk«e  nitrvgon 
might  osoapo  detootion. 
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The  scries  of  experiment*,  unlesa  proved  to  be  wrong,  are  almost 
coMclusivo  proof  tliiit  Mr.  Lockyer's  tiowb  rogardiug  the  origin  aud 
variation  of  the  carbon  Bpectram  have  no  real  experimental  basi«. 


Spectrum  of  Magnetium. 
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The  absorption  Bpcctmm  of  magncsinm  and  of  mognesinm 
potaHsiuiu  and  Bodium.  as  seen  in  iron  tnbes  in  a  hydrogen  atmi}- 
Bphore.  doBcribed  in  the  former  lecture,  correspond  to  no  known 
omission  lines  of  magnesium.  We  could  only  ascribe  their  origin  to  the 
mixtures  employed  as  distinct  from  the  separate  elements,  and  there- 
fore were  led  to  investigate  the  conditions  under  which  corresponding 
omissiun  lines  cuuld  be  produced. 

In  '  Proc.  Roy.  Soo.'  vol.  xxvii.  p.  494,  the  emission  spectrum 
Bparks  from  an  induction  coil  taken  between  m.iguesium  points  in 
atmosphere  of  hydrogen  is  described  as  follows  : — 

"  A  bright   line   regularly  appeared   with  a  wave-length   alx>ijt 

6210 This  line  does  not  usually  extend  across  the  whole 

iutervHl  between  the  electrodes,  and  is  sometimes  seen  only  at  the 
negative  electrode.  Its  presence  seems  to  depend  on  the  tempera- 
ture, as  it  is  not  seen  continuously  when  a  large  Leyden  jar  is 
ompluyed,  until  the  pressure  of  the  hydrogen,  and  its  resistance,  is 
very  much  rcilncod.  When  well-dried  nitrogen  or  carbonic  oxide  is 
sulwtituted  for  hydrogen,  this  line  disapiioars  entirely ;  but  if  any 
hydrogen  or  traces  of  moisture  bo  present,  it  comes  out  when  the 
pressure  is  much  rcducc<1.  In  such  cases  the  hydrogen  lines  C  and  F 
are  always  visible  as  well.  Sometimes  several  fine  lines  appear  on 
the  more  refrangible  side  of  this  line  between  it  and  the  h  group, 
which  give  it  the  ajipenrauce  of  being  a  narrow  band  shaded  on  tliat 
side."  "  In  addition  to  the  above-mentioned  line,  we  observed  that 
there  is  also  produced  a  series  of  fine  lines,  commencing  close  to  the 
most  refrangible  lino  of  the  b  group,  and  extending,  with  gradually 
diminishing  intensity,  towards  the  blno  ....  from  forty-five  to 
fifty  being  visible,  and  placed  at  nearly  equal  distances  fivm  each 
other." 

In  a  paper  entitled  "  A  Now  Method  of  Spectrum  Observation,"  " 
Mr.  Lockycr  regards  this  spectrum  ns  illustrative  and  confirmatory 
of  his  views  regarding  the  possibility  of  elemental  dissociation  at 
different  hoat-lovels.  The  view  taken  by  Mr.  Lockyer  may  bo 
expressed  in  his  own  words : — 

"  Tlio  flame  spectrum  of  magnesium  perhaps  presents  us  best 
with  the  beautiful  effects  pnwluced  by  the  passage  from  the  lower  to 
the  higher  heat-lcvol,  and  shows  the  important  hearing  upon  solar 
physics  of  the  results  obtained  by  this  new  incthi'Kl  of  work.  ...  In 
the  flume  the  two  least  refrangible  of  the  components  of  h  are  seen 
associated  with  a  line  less  refrangible  so  as  to  form  a  triplet.      A 
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series  of  flutings  and  a  lino  in  the  blue  are  also  seen.  ...  On 
passing  tbe  B{>ark  all  these  but  tho  two  components  of  b  arc  abolishcxl. 
We  get  tbe  wide  triplet  replaced  by  a  narrow  one  of  the  same  fumi, 
tbe  two  lines  of  b  beinu  coraniou  1 1  both. 

"  Hay  we  consider  tho  existence  of  these  molecular  states  as 
forming  a  true  basis  for  Dalton's  law  of  multiple  proportions  ?  If  so, 
then  tho  metals  in  different  chemical  combinations  will  exist  in 
different  molecular  groupings,  and  we  shall  bo  able,  by  spectrum 
observations,  to  determine  the  partionlar  hoatlevcl  to  wlucb  the 
molecular  complexity  of  the  solid  metal,  induced  by  chemical  affinity, 
corresponds.  .  .  .  Examples. — None  of  the  lines  of  magnesium 
special  to  the  flame  sjiectrum  are  visible  in  tho  spectram  of  the 
chloride  either  when  a  flame  or  a  spark  is  employed." 

In  order  to  ascertain  tbe  true  cause  of  the  variations  in  tho  mag- 
nesium spectrum,  tho  following  experiments  and  observations  were 
ma<le,  sod  they  demonstrate  that  tbe  views  of  Mr.  Lockyor  on  this 
question  must  also  bo  regarded  as  resting  on  faulty  experimeuting : — 

1.  CH>tervation$  on  the  Spark  between  Magnemnm  Pointt  in  Nitrogen 
and  Carbonic  Oxide  at  various  Pre$$uret. 

The  points  wore  pieces  of  magnesinm  wire.  Round  one  end  of 
each  a  platinum  wire  was  tightly  c<>ile<l  and  fused  into  the  side  of  a 
glass  tube.  This  tube  was  attached  by  fusion  at  one  end  to  another 
tobo  filled  with  pbosjtiioric  anhydride,  wliich  in  turn  was  connected 
with  a  Sprengol  pump.  The  otlier  cud  of  the  tube  was  connected 
by  a  thick  rubber  tube,  capable  of  being  closed  by  a  pinchcock,  with 
a  gasholder  containing  nitrogen  over  strong  sulphoric  acid.  Tho 
tube  having  been  exhausted  and  filled  with  nitrogen  two  or  throe 
times,  it  was  found  that  no  line  at  5210  was  visible  in  the  spark. 
Tho  lube  was  now  gradually  exhausted,  and  tho  spark  watched  as 
tbo  eshaoBtion  proceeded.  No  line  at  5210  was  soeo,  although  tho 
exhanstion  was  carried  nearly  as  far  as  the  pump  would  carry  it ;  nor 
wu  any  hydrogen  line  (C  or  F)  visible,  either  with  or  without  tho 
Me  of  a  jar.  Tho  communication  with  the  gasholder  was  now 
opened,  and  the  tnl>o  refilled  with  nitrogen  at  the  atmospheric 
prosrare ;  a  oommnnicatiou  was  then  made  with  another  vessel  con- 
taining hydrogen,  which  was  allowed  to  diffuse  into  the  tube  for  a 
very  Uiort  time.  On  now  passing  tlie  snark,  the  line  at  5210  at  once 
appeared,  although  tho  quantity  of  hydrogen  diffustnl  into  the 
nitrogen  mnst  have  been  very  small.  Tho  ezperimeuts  with  nitrogca 
at  redaoed  presauro  were  repeated  several  times,  with  tho  same 
reaolU  It  was  found  nooosaary  to  have  the  phosphoric  auhydrido,  as 
without  it  traces  of  moisture  were  left  or  fimml  their  way  through 
tho  pump  into  tho  tulw,  and  then,  when  the  exhaustion  was  corriod 
far  onongh,  both  tlie  lino  at  5210  and  the  hydrogen  lines,  C  and  P, 
imdo  their  ap|KAranoc.  Wo  have  never,  however,  boon  able  to  detoct 
the  Ibc  at  5210,  iu  nitrogen,  without  being  able  to  detect  O  or  V 
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either  at  the  same  time  or  by  mensly  varying  the  discharge  by  means 
of  a  Lcydon  jar. 

Experiments  made  in  the  same  way  with  carbonio  oxide  instead  of 
nitrogen  led  to  precisely  the  same  reaolta. 

2.   ObterteUiont  on  the  Spark  hetireen  Mufpifslum  Poiult  in  IIt/drog« 
at  reduci'd  PreMure^. 

A  tobe,  Fimilar  to  those  employed  with  nitrogen  and  carbon 
oxide,  yras  attached  at  one  end  to  a  Sprougcl  panip  and  mcrciin 
gange,  and  at  the  other  end  to  an  apparatus  for  gencruting  bydroge 
Dry  hydrogen  was  passed  through  for  sumo  time,  anil  the  connectio 
with  the  hydrogen  apparatus  closed.  On  ^parking  with  the  hydrogen 
at  the  atuiosjiheric  pressure,  the  line  at  5210  and  its  attendant  series 
were  visible,  and  were  still  visible  when  a  small  Leyden  jar  was  used 
witli  the  induction  coil,  bnt  disappeared  almost  entirely  when  a  large 
Leyden  jar  was  used.  When  the  pressure  of  the  hydrogen  was 
reduced  to  half  an  atmosplicrc,  the  line  at  5210  was  seen  faintly  when 
a  large  Leyden  jar  was  used,  but  not  the  series  of  fine  lines.  When 
the  pressure  was  reduced  to  180  millims.,  the  series  of  fine  lines  began 
to  show  when  the  large  jar  was  used.  By  still  further  reducing  the 
pressure  the  whole  series  was  permanently  visible  when  the  large  jar 
was  used  :  but  when  the  exhaustion  was  carried  still  further  they 
grew  fainter,  and  almost  disappeared.  On  gradually  readmitting 
hydrogen,  the  same  phenouieua  recurred  in  the  reverse  order. 


J 


8.  Ohtertattont  on  tlui  Arc  mth  Magnesinm  and  Hydrogen. 

The  line  at  6210  is  not  seen  in  the  arc  in  a  lime  or  carl 
crucible  when  magnesium  is  droiipod  in  without  the  introduction  of 
hydrogen.  If,  however,  a  gentle  stream  of  hydrogen  or  of  coal  gas 
be  led  in  through  a  perforation  in  one  of  the  electrodes,  the  lino  at 
6210  immediately  makes  its  appearance,  and,  by  varying  the  current 
of  gas,  it  may  be  made  to  appear  either  bright  or  reversed.  However 
small  the  current  of  hydrogen  be  mode,  the  lino  can  be  detected  as 
long  as  the  current  and  the  supply  of  magnesium  continue,  bat 
disappears  very  quickly  when  the  current  of  gas  ceases. 

4.   Obserratiout  on  the  Flavte  of  Burning  Magnesium. 

The  line  at  5210  may  often  be  soon  in  the  flame  of  magnesiu 
burning  in  air,  but  both  it  and  the  scries  of  fine  lines  which  accoo 
pany  it  come  out  with   greatly  increased   brilliance  if  the  burning 
magnesium  be  held  in  a  jet  of  hydrogen,  of  coal  gas,  or  of  6team> 


rboniV 


The  experiments   above  described,  with   nitrogen  and   carb 
oxide  at  reduced  pressures,  are  almost  if  not  quite  conclnsive  against 
the  supposition  that   the  line  at  5210   is  due  merely  to  the  lows 
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temperature  of  the  spark  in  liydrogcn.  From  Do  La  Rao  aud  Mliller's 
observations  it  would  appear  that  nitrogen  at  a  pressure  of  400 
tuillims.  should  produce  much  the  same  oSbct  on  the  spark  as  hydrogen 
at  7G0  milliniH.  Now  the  pressures  of  the  nitrogen  and  carbonic 
oxide  were  reduced  far  below  this  without  any  trace  of  the  lino  in 
question  being  visible.  Moreover,  the  magnesium  line  at  4481,  which 
is  not  seen  in  the  arc,  and  may  be  reasonably  ascribed  to  the  higher 
temperature  of  the  spark,  may  bo  seen  in  the  spark  at  the  same  time 
as  the  line  at  5210  when  hydrogen  is  present.  Nevertheless  tem- 
perature does  seem  to  affect  the  reeolt  in  some  degree,  for  when  a 
large  Leyden  jar  is  used,  and  the  gas  is  at  the  atmospheric  pressure, 
the  line  almost  di8a|)])eara  from  the  spark,  to  reappear  when  the 
pressure  is  rodncod ;  but  by  no  variation  of  temperature  have  we  been 
able  to  see  the  line  when  hydrogea  was  carefully  cxclude<l. 

A  line  of  the  same  wuvo-luugtli  has  bcon  seen  by  Young  in  the 
chromosphere  once.  Its  absence  from  the  Fraunhufer  lines  leads  to 
the  infuroucc  that  the  temperature  of  the  sun  is  too  high  (unless  at 
special  times  and  placc«)  for  its  production.  If  it  be  not  due  to  a 
compotind  of  magnesium  with  hydrogen,  at  any  rate  it  occurs  with 
special  facility  in  the  presence  of  hydrogen,  and  ought  to  occur  in  the 
Bim  if  the  temperature  wore  not  too  high. 

We  have  thus  far  Itceu  careful  to  ascribe  this  line  and  its  attendant 
aeries  to  a  mixture  of  mafznusium  aud  hydrogen  rather  than  to  a  chemical 
compound,  because  this  sufficiently  expresses  the  facts,  and  we  have  not 
yot  obtained  any  independent  evidence  of  the  cxistcneo  of  any  chemical 
compound  of  those  elements.  Wo  have  independent  evidence  that 
mixtures  which  are  not  probably  chomical  compounds  favour  the 
production  of  certain  vibrations  which  are  not  so  strong  or  are  not 
seen  at  all  when  the  elements  of  those  mixtures  are  taken  separately. 
The  rt-markikble  absorptions  jiroduoed  by  mixtures  of  magnesium  with 
potassium  and  sodium  above-montionod  belong  to  this  class.  We 
Lave  not  been  able  to  obtain  the  emission  spectra  corresponding 
to  these  absorptions,  but  in  the  course  of  our  observations  on  the  arc 
we  have  frequently  noticed  that  certain  lines  of  metals  present  in 
the  crucible  are  only  soon,  or  come  out  with  especial  brilliance,  when 
some  othur  metal  is  introduced.  This  is  the  case  with  some  groups  of 
calcium  lines  which  are  not  seen,  or  are  barely  visible,  in  the  arc  in  a 
lime  crucible,  and  come  out  with  great  brilliance  on  the  introduction  of 
•  fiogment  of  iron,  but  are  not  dievolopcd  by  other  metals  snob  as  tin. 


SjMork  £|peclnim  of  Ma(jnrtium  in  Hj/droym  under  inertated 
Presture*. 

In  order  to  ascertain  if  this  peculiar  spectrum  could  bo  prodnood 

ftt  a  high  temperature  in  the  presence  of  hydrogen,  wbioh  we  have 

alrr«dy  shown  to  be  eimantial  to  its  production  at  the  atmoapherio 

[  Mid  at  ix<duc«Ml  pressuraa,  experiments  were  made  with  hydrogeo  at 

Burcs  increasing  up  to  twenty  atmospheres. 
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On  tilt'  supposition  that  this  Rpcctmm  originates  from  the  formatioi 
of  gome  chemical  compound,  probably  formed  within  certain  limits  <ri 
tfmi>erBtnre  when  vopour  of  mngnesinm  is  in  presence  of  hydrogen, 
the  stability  of  the  body  ought  to  depend  largely  on  the  pressure  ol 
the  gaseous  medium.  Like  Graham's  hydrogeniiim,  this  body  migbl 
be  formed  in  hydrogen  of  high  pressure  at  a  temix^raturo  at  which  il 
Wduld  uudcr  less  pressure  bo  decorai)OB<'d.  In  fact,  it  has  been 
shown  by  Trooet  that  the  hyilrides  of  palladium,  sixliiim,  and  potw- 
sium  all  follow  strictly  the  laws  of  chemical  dissociation  enunciated 
by  DeTillo ;  and  increased  pressure,  by  reudcring  the  compoond  mon 
stable,  ought,  if  the  secondary  effect  of  such  pressure  in  causing 
a  higher  temperature  in  the  electric  discharge  were  not  overpowering 
to  conduce  to  a  more  continuous  and  brilliant  spectrum  of  the  com- 
pound. Conversely,  if  such  a  more  continuous  and  brilliant  spectran 
be  found  to  result,  in  spite  of  the  higher  temperature,  from  increased 
pressure,  it  can  only  be  explained  by  the  stability  of  the  sab 
being  increased  with  the  pressure. 

Now,  what  are  the  facts  ?  When  the  spark  of  an  induction 
without  a  Leydon  jar,  is  passed  between  magnesium  electrodes  in 
liydrogcn  at  atmospheric  pressure,  the  flntings  in  the  green  are,  at 
before  described,  always  seen,  but  they  are  much  stronger  at  the  polei 
and  do  not  always  extend  quite  acmss  the  field.  As  the  pressure  if 
increosefl,  however,  they  increase  in  brilliance  and  soon  extend  poT' 
sistently  from  pole  to  polo,  and  go  on  increasing  in  intensity,  until,  al 
fifteen  and  tw<'nty  atmospheres,  they  are  fully  cfjual  in  brilliance  tc 
the  b  prouj),  notwithstanding  the  increased  brightness  these  have 
acquire<l  by  the  higher  temperature,  due  to  the  increased  pressure. 
The  second  set  of  flntings,  those  in  the  yellowish  green,  come  out  u 
the  pressure  is  increased,  and,  in  fact,  at  twenty  atmospheres  onlj 
the  6  grouj)  ami  the  flutings  are  noticeable  ;  if  the  yellow  inagnesion) 
line  be  visible  at  all  it  is  quite  lost  in  the  brilliance  of  the  yellow 
flntings.  The  tail  of  fine  lines  of  these  fiutiugs  extend  at  the  higl 
pressure  quite  up  to  the  green,  ond  those  of  the  green  flutings  quit* 
up  to  the  blue.  On  again  letting  down  the  pressure  the  like  phcno 
meua  occur  in  the  reverse  order,  but  tho  brilliance  of  the  fluting) 
does  not  diminish  so  rapidly  as  it  had  increased.  If,  now,  when  thi 
pressure  has  again  reached  that  of  the  atmosphere,  a  largo  Leyden  jai 
bo  interposed  in  the  circnit,  on  passing  tho  spark  the  flutings  an 
still  seen  qjiite  bright,  and  they  continiie  to  be  seen  with  graduall] 
dimiaishiiig  intensity  until  the  sparks  hare  been  continuctl  for  f 
oonsiderablo  time.  It  appears  that  the  compouml,  which  had  beei 
formed  in  large  quantity  by  tho  spark  witliout  jar  ot  tho  highej 
pressures,  is  only  gradually  decomposed,  and  not  re-formed,  by  th< 
liigh  temperature  of  the  spark  with  jar.  This  experiment,  which  wai 
several  times  repeated,  is  conclusive  against  tho  supposition  that  th( 
flutings  are  merely  duo  to  a  lower  temperature.  When  tho  pressun 
was  iuerooscd  at  the  same  time  that  the  jar  was  employed,  the  flutingi 
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did  not  immediately  dJRappcar.but  tho  expansion  of  tho  magnosinm  lines 
and  the  increase  of  tlio  contiunous  Bpectrnm  seemed  to  overpower  them. 

When  nitrogen  was  substituted  for  hydrogen,  the  strongeet  linos 
of  the  green  flutings  were  seen  when  the  spark  without  jar  was  first 
passed  at  atmospheric  pressure,  probably  from  hydrogen  occluded, 
as  it  nsnally  is,  in  the  magnesium  electrodes.  As  tho  pressure  was 
increased  they  Bi>eedily  disappeared  entirely,  and  were  not  again  seen 
cither  at  high  or  low  pressures. 

With  carbonic  oxide  the  some  thing  occurred  as  with  nitrogen ; 
but  in  this  gas  the  flutings  duo  to  the  oxide  of  magnesium  (ware- 
length  4930  to  50G0)  were,  for  a  time,  very  well  seen. 

Fig.  4,  Plate  III.,  shows  more  completely  than  we  have  given  it 
before  tho  general  character  of  the  magnesium-hydrogen  sjtcctrum, 
which  consists  of  two  sets  of  flutings  closely  resembling  in  character 
the  hydrocarbon  flutings,  each  fluting  consisting  of  a  multitude  of 
fine  Ijnes  closely  set  on  tho  less  refrangible  side,  and  becoming 
wider  apart  and  weaker  towards  tho  more  refrangible  side,  but  ex- 
tending under  favourable  circumstances  much  farther  than  is  shown 
in  tho  figure.  Tho  set  in  the  green  is  tho  stronger,  and  it  was 
to  this  that  onr  former  observations  were  confined.  It  has  two 
flutings,  one  beginning  at  about  wave-length  5210  and  the  other 
close  to  b,  on  its  more  refrangible  side.  Tho  other  set  consists  of 
three  principal  flutings,  of  which  tho  first  begins  at  about  wave- 
length 5618,  the  next  at  about  wavo-length  5566,  and  the  third 
begins  with  three  strong  lines  at  about  the  wave-lengths  5513,  5512, 
6511.  Both  sots  are  very  well  seen  when  a  magnesium  wire  is 
bomt  in  the  edge  of  a  hydrogen  flame,  and  in  the  arc  in  a  cnicible  of 
magnesia  when  a  gentle  current  of  hydrogen  is  led  into  it.  There  is 
also  a  pair  of  bands  in  tho  blue  beginning  at  abont  the  wave-lengths 
4860.4802. 

Mr.  Lockyer  states  (loc.  cil.)  that  none  of  the  linos  of  magnesium, 
special  to  the  flame  spectrum,  are  visible  in  tho  spectrum  of  tho 
chloride,  cither  when  flame  or  spark  is  employed.  But  wo  find  that 
when  the  spark  is  taken  between  (ilatinum  points,  from  a  solution  uf 
tho  chloride  of  magnesium,  in  a  tube  snob  aa  thoM  uaed  by  DelaohaiuJ 
and  Monnet,  the  line  at  wave-length  5210  can  f^nently  be  seen  in  ii 
when  the  tnbe  ia  filled  with  air,  and  that  if  tho  tube  be  filled  with 
hydrogen  the  green  flutings  of  magnesium-hydrogen  are  persiatient 
and  itrong. 

Repeated  observations  have  confirmed  our  proriona  statemonts  u 
to  the  facility  with  which  the  maguosimn-hydrogen  Bpectram  can  bs 
prodocod  in  tho  arc  by  tho  help  of  a  current  of  the  gas.  In  a 
magnesia  crucible,  by  regulating  the  current  of  hydrogen,  tho  flatinga 
can  bo  easily  obtained  cither  bright  or  reversed. 

The  variations  in  the  spcctrmn  of  magnesium,  and  the  conditions 
under  which  it  is  observed,  throw  ndditiouol  light  on  tho  qoostion  of 
tho  emissive  power  for  rmdiation  of  short  wavulcngths  of  substances 

Vol.  IX.    (No,  74.)  3  b 


MS 


Prtftmar  Petear 


[Jtme 


loaipentare  of  flunea  to  which  wc  alloiled 
of  water.* 


in  onr  paper  on 
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nim  ■"■g""""*  wire  or  riUMm  ia  burnt  in  air,  we  see  the  three 
0t  Abb  gttmp,  Ae  Uoe  line  aboat  wave-length  4570,  first 
bgr  aa  m  the  qwrk  spectnun ;  t  and  photographs  show, 
,  Uw  weD-kaowB  triplet  in  the  nltm-yiolet  between  the  solar 
K  ami  L  Amrfiw  defined,  and  the  line  for  which  Cornn  has 
I  tte  wafB-lengtk  S8S0  Tery  mnch  expanded  and  strongly 
Tlaeea  Uiwa  are  all  common  to  the  flame,  arc,  and  spark 
,  aiMl  tlw  kat  of  tten  (iB60)  MemB  to  be  by  far  the  strongest 
Ina  both  in  tke  flame  and  are,  and  is  one  of  the  strongest  in  the 
•park.  Bat,  in  addition  to  theee  lines,  the  photographs  of  the  flame 
■kow  a  vary  atroog,  somewhat  diffuse,  triplet,  generally  resembling 
tke  other  BiagBeainm  triplets  in  the  relative  position  of  its  com> 
eloee  to  the  solar  line  M ;  and  a  group  of  bonds  below  it 
beyond  the  triplet  near  L.  Theae  bands  have,  for  the 
pact,  each  one  aharplj  defined  edge,  but  &de  away  on  the  other 
r :  nd  the  diflbaa  edgea  are  not  all  turned  towards  the  same  side 
of  the  apeetran.  The  positions  of  the  sharp  edges  of  these  bands, 
and  of  the  atrong  triplet  near  M,  are  shown  in  PL  III,,  Fig.  L  It 
that  the  triplets  near  P  and  8  are  absent  from  the 
,  and  that  the  strong  triplet  near  M  is  not  rcprcsente<l 
at  all  atber  in  the  are  or  spark.  The  hydrogen-magneainni  series  of 
linea,  begianing  at  a  wave-length  abont  5*210,  are  also  seen  somo 
tiaBoa,  as  already  deaoribed  by  q8,|  in  the  spectrum  of  the  flame ;  but 
««  bare  never  obaerred  that  the  appearance  of  these  lines,  or  of  the 
■trong  line  with  which  they  begin,  is  connected  with  the  non-appear- 
ance of  b,.  Indeed,  we  can  almost  always  see  all  three  lines  of  the 
h  group  in  the  flame,  thongh  as  b,  is  the  least  strong  of  the  three,  it 
is  likely  to  be  moat  easily  overpowered  by  the  continoons  spectrum 
of  Uie  flame. 

Baming  magneshsm  in  oxygen  instead  of  atmospheric  air  docs  not 
bring  out  any  additional  linos ;  on  the  contrary,  the  contiunons  spec- 
trum from  the  magneaia  overpowers  the  line  spectrum,  and  makes  i 
more  difBcult  of  observation. 

Magnesia  heated  in  the  oxyhydrogon  jet  does  not  appear  to 
the  linea  nea  in  the  flame,  except  that  at  2850. 


spec- 
ies ih 
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i^perlniM  >/  llu  Arc, 

The  spaotnim  of  magncsinm,  as  seen  in  the  arc,  contains  several 
lines  bendea  those  heretofore  described.  These  lines  come  out 
brightly,  generally  considerably  expanded,  when  a  fragment  of  mag- 
nesium is  dropped  into  the  crucible  through  which  the  arc  is  passing, 

•  "  P»w,  Bojp.  Soc."  1880,  Xn.  201,  p.  152. 
t  lUd.  vol  xzrii.  p.  3sa  {  Ibid,  vol  xxs.  p.  96. 
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bnt  npiillj  oontnct  and  gndonllj  beeeoe  Tcty  &iiit  or  dktppoar 
entirely. 

Bjr  examiniDg  the  are  of  a  Sicmena  mmrlrhw,  taken  in  •  crucible  of 
dense  magnesia  nnder  the  dispersion  of  the  spetliuiu  of  the  foorth 
order,  given  by  a  Rntberford  grating  of  17^6  linee  to  the  inch,  we 
are  able  to  aeparate  the  iroa  and  Boagoeaioai  lines  which  iatm  the 
very  cloee  pair  h^  of  the  solar  cpeetram.  Either  of  the  two  lioM  tarn 
be  rendered  the  more  promiwt  ti  tke  Mtr  at  will,  bgr  ialitrffJBg 
iron  or  magnesioin  into  tte  erttcikla.  Tbe  loss  rrfmwUa  fine  m 
the  pair  is  thns  seas  to  be  im  to  ins,  flw  man  ittnatpMU  to  aafl- 
nesinm.  Oompatiaoa  ti  Hat^  solar  Km  aad  flw  qm 
magnesium  points  eoafiiiBs  this  tamiiaAm,  ttnl  Ae  aagMi 
is  the  more  refrangible  of  tlw  twik 

In  the  nltra-Tiokft  part  of  tin  k 
now  lines.  First,  a  triplet  of  line*  ■bvroU  si  i 
2938-5,  2937.  These  liaes  an  a  Ihtle  Wlw  a  pair  «f  VumjAmm 
by  the  spark  for  wUcb  Oonn  baa  fimd  tbe  wave-leacO*  S9ii**, 
2926-7.  The  latter  pair  are  aot  seen  St  an  in  |4ii>ips|i>aqf  thasre, 
nor  the  former  three  in  tlaoae  of  tke  spark.  The  etnag  Hae,  'WBf»> 
length  abont  28S0,  is  always  seen,  wery  fce^aenliy  ravsml.  Of  *■ 
qaadmple  group  in  tbe  spark  to  iriiick  Coraa  las  a 
lengths  3801  •  S,  2797  •  1,  37»i  -  5.  tmk  S7a9-9. 1 
strongly  derekiped  in  tfaeasc^  tke « 
a  set  of  ft«e  Marly  ' 


mnch  leas  stfong  tkaa  fhe  tve  fsrvieMly  wmiAmm 


IM» 


>mtLim\ 


-3^ 


TW 


abont  2782-a,  8780-7.  STTf  • 

little  stronger  than  tbe  allien.    TIm  i 

Beyond  these  follow  a  series  of  aaba  i 
are  triplets  ia  erery  esse ;  but  tbe  lUid,  i 
triplets  is  tbe  weakeat,  aad  baa  mA  to  < 
Theae  snoeeod  one  aiwilliir  at  < 
strength,  and  are  slteraalalj  Aorp  aad  fil 
the  strongest.  The  poaitinM  are  abown  in  PL  ITI^  Fig.  S. 
aeties  reaembles  in  genetnl  riiatartOT  tbe  aodiaiB  aad  the 
■eriee  described  by  na  iaa(iaraereamBaaiaalioo,aDd  weeai 
the  inference  that  tbey  meal  be  liaiiijnkally  related,  thtmfli  dksy  A» 
not  follow  a  simple  hanaonie  law.  Tbe  atoai  raftai^bb  Uae  ia  the 
ilgue  at  waTo-length  2606  Mreaaato  •  ftual  iUtm»  bnd  wUab  ta 
not  reeolvable  into  lines;  H  belMiti^  ao  doobl,  toihe  4iibM  WHHkttB 
of  the  series,  and,  to  complete  the  aerlaa,  tben  Aoold  be  rrirffif 
sharp  ^Toop  bel*oen  it  and  die  Um  at  awr»-laag|h  MM.  Thfal 
belonging  to  the  weaker  members  of  the  sense  b  loo  weak  to  be  Mea. 

It  is  worthy  of  reoiark  that  tbe  Mat  at  wwro-isnglb  &7 10,  doMribeil 
by  na  in  a  pmriona  iiiiMWWiiMliiiii.'"  ia  ttrj  niiailj  tbe  oataie  of  the 
strong  lino  at  2850.  MofMifer,  the  nieaeares  we  have  taken  of 
the  wave-Uragtb  of  this  last  line,  with  a  RotberiSard  gnling  of  17,2M 
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linoa  to  the  inch,  indicate  a  wave-longth  2852  nearly,  which  is 
closer  to  the  half  of  5710. 

When  metallic  mAgnesinm  iB  dropped  into  a  crucible  of  magnesia 
or  lime  through  which  the  arc  is  passing,  the  electric  current  secma 
sometimes  to  be  conducted  chiefly  or  entirely  by  the  vaporised  metal, 
so  that  the  lines  of  other  metals  almost  or  wholly  disappear ;  but  the 
line  at  wave-length  3278  does  not  in  such  cases  appear,  though  the 
other  raagucsium  lines  are  very  strongly  developed.  The  line  at 
wave-length  2850  is  often,  under  such  circumstances,  enormously 
expanded  and  reversed,  those  at  wave-lengths  2801,  2791,  and  the 
alternate  diffuse  triplets,  including  those  ucar  L  and  near  S,  much 
expanded  and  reversed,  and  the  group  of  five  lines  (2776-278^ 
sometimes  reversed.  9 

When  the  arc  of  a  Siemens  machine  is  taken  in  a  magnesia 
crucible,  the  strong  line  of  the  flame  spectrum,  wave-length  4570,  is 
well  seen  sharply  defined  ;  it  comes  out  strongly  and  a  little  expanded 
on  dropping  in  a  fragment  of  magnesium.  When  a  gentle  stream  of 
hydrogen  is  led  in  through  a  hollow  pole,  this  line  is  frequently 
reversed  as  a  sharp  black  lino  on  a  continuous  background.  From 
comparing  the  position  of  this  line  with  those  of  the  titanium  lines 
in  its  neighbourhood,  produced  by  putting  some  titanic  oxide  into  the 
crucible,  wo  have  little  doubt  that  it  is  identical  with  the  solar  lino 
4570-9  of  Angstrom. 

When  the  arc  is  taken  in  a  crucible  into  which  the  air  has  access, 
it  may  be  assumed  that  the  atmosphere  about  the  arc  is  a  mixture  of 
nitrogen  and  carbonic  oxido.  When  a  stream  of  hydrogen  is  passed, 
either  through  a  perforated  polo  or  by  a  separate  opening,  into  the 
crucible,  the  general  eflbct  is  to  shorten  the  length  to  which  the  arc 
can  bo  drawn  out,  increase  the  relative  inteuaity  of  the  continuous 
spectrum,  and  diminish  the  intensity  of  the  metallic  lines.  Thus, 
with  a  very  gentle  stream  of  hydrogen  in  the  magnesia  crucible,  most 
of  the  metallic  linos,  except  the  strongest  and  those  of  magnesium, 
disappear.  Those  lines  which  remain  are  somotimos  reversed  ;  those 
at  wave-length  2850  and  the  triplet  near  L  being  always  so.  With  a 
stronger  stream  the  lines  of  magnesium  also  disappear,  the  b  triplet 
being  the  last  in  that  neighbourhood  to  go,  and  bi  and  bj  remaining 
after  b^  hod  disappeared. 

Chlorine  seems  to  have  an  opposite  effect  to  hydrogen,  generally 
intensifying  the  metallic  linos,  at  least  those  of  the  loss  volatile 
metals,  but  it  does  not  sensibly  affect  the  spectrum  of  magnesium. 
Nitrous  oxide  produces  no  marked  effect;  coal-gas  acta  much  as 
hydrogen.  _ 

Spectrum  of  the  Magnesium  Spark,  in  Gaaet  under  High  Pregsuret. 

In  the  spark  of  an  induction  coil  taken  between  magnesium  points 
in  air  we  get  all  the  lines  seen  in  the  arc  except  two  blue  lines  at 
wave-lengths  4350  and  4166,  three  lines  above  U,  and  the  scries  of 
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triplets  mora  refrangible  than  the  qnintnple  gronp  about  wave-length 
2780.  The  blue  lino  wtiTc-lcngth  about  4570  is  b^t  seen  in  the  spark 
withont  a  jar  when  the  magnesium  electrodes  are  close  together,  and 
the  rhoutomc  mode  to  work  slowly ;  and  this  and  the  other  faint  lines 
of  the  spark  at  about  4586  and  4808  require  for  their  detection  m 
spectroscope  in  which  the  loss  of  light  is  small. 

On  the  other  hand,  some  additional  lines  are  seen.  Of  these,  the 
strong  lino  at  wave-length  4181  and  the  weaker  lino  at  4586  are  well 
known.  Another  faint  lino  in  the  blue  at  wave-length  4808  has  beea 
observed  by  us  in  the  spark,  and  two  diffuse  pairs  between  H  and  the 
triplet  near  L.  Two  ultra-violet  lines  at  wave-lengths  2934 '  9,  2926 * 7 
(Curun)  are  near,  but  not  identical  with,  two  lines  of  the  arc  above 
mentioned;  and  two  more  lines  at  wave-lengths  2797*1,  2789-9 
(Cornu)  make  a  quadruple  group  with  the  very  strong  pair  conspicuous 
in  the  arc  in  this  region.  The  spectrum  of  the  spark  ends,  so  far  as 
we  have  observed,  with  the  qnintnple  group  (2782-2776)  already 
described  in  the  arc. 

When  a  Leydon  jar  is  used  with  the  ooil,  some  of  the  lines  aro 
rerened.    This  is  notably  the  case  with  the  triplet  near  L,  the  line  at 
wave-length  2850,  and  those  at  2801  and  2794.     Cornu*  noticed  the 
reversal  of  the  two  less  refrangible  lines  of  the  triplet  near  L  under 
these  oircnmstancea.    This  effect  is  very  much  increased  by  increasing 
the  pressure  of  the  gas  in  which  the  spark  is  taken.    The  Cailletet 
pump  is  well  suited   for  such  experiments.     The  gaaes  used  wars 
hydrogen,  nitrogen,  and  carbonic  oxide ;  and  the  image  of  the  spark  ' 
was  thrown  on  to  the  slit  of  the  spectroscope  by  a  lens.    In  hydrogen, 
when  no  Leydcn  jar  was  used,  the  brightness  of  the  yellow  and  of  the 
blue  lines  of  magnesium,  except  at  first  that  at  wave-length  4570, 
diminished  as  the  pressure  increased ;  while,  on  the  other  hand,  the 
b  group  was  decidedly  stronffer  at  the  higher  pressure.     The  pressure 
was  carried  up  to  20  atmosplieres,  and  then  the  magnesium  lines  in 
the  blue  and  below  almost  or  entirely  disappear,  leaving  only  the  b 
group  very  bright,  and  the  magneeium-hydrugen  bonds  which  are  de- 
scribed below ;  even  the  hydrogen  lines  F  and  C  were  not  visible. 
When  a  jar  was  used,  the  magnesium  lines  expanded  as  the  pressure 
was  increased ;  all  three  lines  of  the  b  group  were  expanded  and  re- 
versed at  a  pressure  of  6  atmospheres;  the  yellow  line,  wave-length 
£528,  was  also  expanded  but  not  revoncd ;    and  the  line  at  4481 
become  a  broad,  very  diffuse  band,  but  tho  line  at  wave-length  4570 
was  but  very  little  expanded.     The  expansion  both  of  the  b  gronp  and  ' 
of  tho  yellow  line  seemed  to  be  greater  on  the  less  refrangible  than  oa  i 
the  more  refrangible  side  of  each  line,  so  that  the  black  line  in  thos*  j 
which  were  reversed  was  not  in  the  middle.     When  the  jar  was  oaedf  ] 
the  pressure  could  not  be  carried  beyond  10  or  12}  atmospheres,  Mj 
the  rosistanoo  became  then  so  great  that  the  spark  would  not  pass] 
•orosB  tho  small  distance  of  about  1  millim.  between  tho  elcctn)idea>| 


•CompL  BcstL'  1S7I. 


CUG 


Ptoftttor  Deuar 


[Jane 


At  n  preRsurt-  of  S-J  aimoeitheres,  with  a  jar,  the  nltra-Tiolot mague 
triplet  near  L  was  very  well  reversed,  an<l  the  two  pairs  of  lines  on  ita 
lees  rrfnuigiblo  side  (shown  in  Plate  III.,  Fig.  3)  were  expanded  iaiH 
two  diffiiRo  bands.  ■ 

In  nitrogen  and  in  carbonic  oxide  the  general  effects  of  increasecT 
pressure  on  the  magnesium  lines  (not  the  magnesium-hydrogen  bands) 
sc<-mud  to  be  mach  the  sumc  as  in  hydrogen.  Without  a  jar  the  bine 
and  yellow  lines  were  onfoobled,  and  at  the  higher  pressures  di»- 
uppenrod,  while  the  b  aninp  was  very  brilliant  but  not  much  ex- 
panded. With  the  jar  all  the  lines  were  expanded,  and  all  three  lines 
of  the  h  group  strongly  reversed.  The  baixls  of  the  oxide  (wave- 
length 4930-5000)  were  not  seen  at  all  in  hydrogen  or  nitrogen  ; 
they  were  seen  at  first  in  carbonic  oxide,  bnt  not  after  the  sparking 
had  been  continued  for  some  time. 

The  disappearance  of  certain  lines  at  increased  pressure  is  in  har- 
mony with  the  observations  of  Cazin,*  who  noticed  that  the  banded 
spectrum  of  nitrogen,  and  also  the  lines,  grow  fainter  as  the  pressure 
was  increased,  and  tinally  disappeared.  When  a  Leyden  jar  is  em- 
ployed there  is  a  very  great  increase  in  the  amount  of  matter 
volatilised  by  the  spark  from  the  electrodes,  as  is  shown  by  the  very 
ra])id  blackening  of  the  sides  of  the  tube  with  the  deposited  metal, 
and  this  increase  in  the  amount  of  metallic  vapour  may  reasonably  be 
8upi>oscd  to  affuct  the  character  of  tlie  discharge,  and  conduce  to  the 
widening  of  the  lines  and  the  reversal  of  some  of  them.  Without  a 
jar  the  amount  of  matter  carried  off  the  electrode  also  doubtless 
increases  with  the  pressure  and  consequent  resistance,  and  may  be  the 
cause  of  the  weakening,  as  Cazin  suggests,  of  the  lines  of  the  gas  iu 
which  the  discharge  is  passed.  It  is  to  be  noted,  moreover,  that  the 
disappearance  of  the  hydrogen  lines  depends,  iu  some  degree,  on  the 
nearness  of  the  electrodes.  The  lines  C  and  F  which  were,  as  above 
stated,  sometimes  invisible  in  the  spark  when  the  electrodes  were 
near,  became  visible,  under  circumstances  otherwise  similar,  when  the 
uiiignesium  points  hod  become  worn  away  by  the  discharge.  m 

Comparigon  of  the  Spectra. 

When  we  compare  the  spectra  of  magnesium  in  the  flume,  arc,  and 
B]>ark,  we  observe  that  the  most  persistent  line  is  that  at  wave-length 
2850,  which  is  also  the  strongest  in  the  flame  and  arc,  and  one  of  the 
strongest  in  the  spark.  The  intensity  of  the  radiation  of  magnesium 
at  this  wave-length  is  witnessed  by  the  fact  that  this  line  is  always 
reversed  in  the  flatiie  as  well  as  in  the  arc  when  metallic  magnesium 
is  introduced  into  it,  and  in  the  spark  between  magnesium  electrodes 
when  a  Leyden  jar  is  used.  It  is  equally  remarkable  for  its  power  of 
expansion.  In  the  flame  it  is  a  broad  baud,  and  equally  so  in  the  arc 
Mhen  magnesium  is  freslily  introduced,  but  fines  down  to  a  narrow 
line  as  the  metal  evaporates. 
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Almost  equal  in  peraiateuoe  are  the  series  of  triplets.  Only  thai 
least  refrangible  pair  of  these  triplets  are  seen  in  the  flame,  anothePI 
pair  are  seen  in  the  spark,  bat  the  complete  series  is  only  seen  in  the 
arc.  We  regard  the  triplets  as  a  series  of  harmonics,  and  to  account 
for  the  wbolo  series  being  seen  only  in  the  arc  we  must  look  to  some 
other  cause  than  the  temperature.  This  will  probably  be  found  in 
the  greater  moss  of  the  incandescent  matter  contained  in  the  crucible 
in  which  the  arc  was  observed. 

The  blue  line  of  the  flame  at  wave-length  4570  is  well  seen  in  the 
arc,  and  is  easily  reversed,  but  is  always  a  sharp  line,  increased  in 
brightness  but  not  sensibly  expanded  by  putting  magnesium  into  the 
cruoible.  In  the  spark,  at  atmospheric  pressure,  it  is  only  seen  cloeo 
to  the  pole  or  crossing  the  field  in  occasional  flashes;  but  seems 
to  come  out  more  decidedly  at  rather  higher  pressures,  at  least  in 
hydrogen. 

The  series  of  bands  near  L,  well  developed  in  the  flame,  bnt  not 
wen  at  all  in  the  arc  or  spark,  look  very  mnch  like  the  spectrum  of  a 
compound,  bnt  we  have  not  been  able  to  trace  thum  to  any  particular 
combination.  Sparks  in  air,  nitrogen,  and  hydrogen  have  alike 
failed  to  pro<luoo  them.  The  very  strong,  rather  diffuse  triplet  at  M, 
with  which  they  end,  so  closely  resomblos  in  general  diameter  the 
other  magnesinm  triplets,  that  it  may  well  be  connected  with  that 
constitution  of  the  inagnesian  particle  which  gives  rise  to  the  triple 
sets  of  vibrations  in  other  cases,  but,  if  so,  its  presence  in  the  flame 
alone  is  not  easily  explained. 

The  occurrence  of  this  triplet  in  the  ultra-violet,  and  of  the 
remarkable  series  of  bands  associated  with  it,  as  well  as  the  extra- 
ordinary intensity  of  the  still  more  refrangible  line  at  wave-length 
2850,  which  is  strongly  reversed  in  the  spootrom  of  the  flame^ 
corroborates  what  the  discovery  of  the  ultra-violet  spectrum  of  water  '• 
had  revealed,  that  at  the  temperature  of  flame  snbstauces  while 
giving  in  the  less  refrangible  part  of  the  spectrum  more  or  less 
continuous  radiation,  may  still  give,  in  the  regions  of  shorter  wave- 
length, highly  discontinuous  spectra,  such  as  liavc  formerly  beea 
deemed  characteristic  of  the  highest  temperatures.  Tliis  subject  we 
will  not  discuss  further  at  present,  but  simply  remark  that  "  it  opens 
np  qnostions  as  to  the  emissive  power  for  radiation  of  short  wave- 
lengths of  gaseous  bodies  at  the  comparatively  low  temperature  of 
flame  with  regard  to  which  wc  are  accumulating  facts." 

In  the  arc  and  sjiark,  but  not  in  the  flame,  we  have  next  a  rery 
striking  group  of  two  very  strong  linos  at  wave-lengths  about  2801 
and  2794,  and  a  quintuple  group  of  strong  bat  sharp  lines  above 
Umib.  The  former  are  usually  reversed  in  the  spark  with  jar.  and 
•11  are  revorsod  in  the  arc  when  mnch  magnesium  is  present.  There 
are  also  several  single  lines  in  the  visible  part  of  the  spoctrum 
common  to  the  arc  and  spark.  All  of  these  may  be  lines  developed  ' 
by  the  high  temperature  of  the  arc  and  spark.  Two  blue  lines  in  tli' 
arc  have  not  been  traced  in  the  spark,  bnt  their  non-appearance  mai; 
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bo  dno  to  the  Bome  caiiso  na  that  above  saggoeted  for  the  non-app 
anco  of  tho  higher  triplets,  the  smallness  of  the  incandcBcent  maaa  in 
the  Bpark. 

A  triplet  of  liuc«  in  the  arc  near  IT  appear  to  bo  represented  in  the 
Bpark  by  an  oqnally  strong,  or  stronger,  pair  near  but  not  identical 
in  position.  Tho  possibility  of  such  a  shift,  affecting  these  two 
lines  only  in  the  whole  Bpectnun  and  affecting  them  nueqnally,  mnst 
in  tlio  present  state  of  onr  knowledge  bo  very  mnch  a  matter  of 
speculation.  Perhaps  sufficient  attention  has  not  hitherto  been 
directed  to  tho  probability  of  vibrations  being  set  np  directly  by  tho 
electric  discharge  independently  of  tho  secondary  action  of  elevation 
of  temperature.  Some  uf  tho  observations  above  described,  and  many 
others  well  known,  indicate  a  selective  action  by  which  an  electric 
discharge  lights  up  certain  kinds  of  matter  in  its  path  to  tho  exclu- 
sion of  others ;  and  it  is  [>ossible  that  in  tho  case  of  vibrations  which 
arc  not  thoso  most  cosily  assumed  by  the  particles  of  magnesium,  the 
character  of  tho  impulse  may  slightly  affect  the  period  of  vibration. 
Tho  fact  that,  so  far  as  observations  go,  tho  shift  in  the  case  of  this 
pair  of  magnesium  linos  is  definite  and  constant,  militates  against  the 
supposition  snggosted.  On  the  other  hand,  the  ghost-liko  \».m  of 
lines  observed  in  tho  spark  below  the  triplet  near  L,  suggest  the 
idea  that  some  of  tho  particles  havo  their  tones  flattened  by 
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such  cause. 

The  strong  pair  at  wave-lengths  2801,  2794,  aro  accompanied  la 
tho  spark,  but  not  usually  in  the  arc,  by  a  much  feebler,  slightly  more 
refrangible  pair,  but  those  have  not  the  diffuse  ghost-Uko  oharaotfl 
of  thoso  just  alluded  to.  ^ 

Those  lines  are  phenomena  of  tho  high  potential  discharge  in 
which  particles  are  torn  off  the  electrodes  with  great  violence  and 
may  well  be  thrown  into  a  stato  of  vibration  which  they  will  al 
assume  by  mere  elevation  of  temperature.  ™ 

There  ore  two  lines  in  the  spark  besides  tho  well-known  line  at 
wave-length  4481  which  have  not  hcon  observed  in  tho  ore,  but  they 
are  feeble  and  would  bo  insignificant  if  it  were  not  tho  fact  that  they, 
as  well  as  wave-length  4481,  all  short  lines  seen  generally  only 
abont  tho  ])olo8,  appear  to  bo  present  in  the  solar  spectmm.  In  the 
sun  we  seem  to  have  all  the  lines  common  to  tho  flnme,  arc,  and 
B}>ark,  and  possibly  the  strong  triplet  of  tho  flame  at  M.  Wo  have 
noticed  that  when  the  spark  is  taken  in  hydrogen,  the  line  at  wave- 
length 4570  appears  stronger  than  that  at  wave-length  4703,  while 
the  reverse  is  the  case  when  tho  atmcisphero  is  nitrogen.  It  is 
possible  thou  that  the  atmosphere  may,  besides  the  resistance  it  offers 
to  tlio  discharge,  in  some  degree  affect  the  vibrations  of  the  metallic 
particles. 

Tho  substantive  rcsnlt  of  the  investigation  is  to  prove  that  the 
chemical  atoms  of  magnesium  are  capable  of  taking  up  a  great  variety 
of  vibrations,  and  by  mutual  action  on  each  other,  or  on  particles 
of  matter  of  other  kinds,  give  rise  to  a  great  variety  of  vibrations  of 
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the  Imniniforons  other;  and  to  trace  satisfactorily  the  prcoise  con- 
nection between  the  occurrence  of  the  Tarioua  ribrations  and  the 
circamstances  nnder  which  they  ocoor,  will  require  an  extended 
sorios  of  observations. 

On  the  Spectrum  of  Water. 

In  onr  observations  "  On  the  Spectrum  of  the  Compounds  of  Car- 
bon," wo  noticed  that  a  remarkable  series  of  lines,  extending  over  the 
region  between  the  lines  8  and  R  of  the  solar  spectrum,  were 
developed  in  the  flame  of  coal-gas  burning  in  oxygen.*  The  arrange- 
ment of  lines  and  bands,  of  which  this  spectrum  consists,  is  shown 
in  the  PI.  II.,  Fig.  3.  It  begins  at  the  more  refrangible  end  with 
two  strong  bands,  with  wave-longths  about  3062,  3068,  and  extends 
np  to  about  the  wave-length  3210.  It  is  well  developed  in  the 
flame  of  hydrogen  as  well  as  of  hydrocarbons,  burning  in  oxygen, 
and  less  strongly  in  the  flames  of  non-hydrogenous  gnscs,  such  as 
carbonic  oxide  and  cyanogen,  if  burnt  in  moist  oxygen.  The  same 
spectrum  is  given  by  the  electric  spark  taken,  without  condenser, 
in  moist  hydrogen,  oxygen,  nitrogen,  and  carbonic  acid  gas,  but  it 
disappears  if  the  gas  and  apparatus  be  thoroughly  dried.  We  are 
led  to  the  conclusion  that  the  si>ectrum  is  that  of  water.  The  plate. 
Fig.  3,  is  a  general  view  of  this  spoctrnm.  It  was  noceaaary  to  pass 
a  current  of  dry  gas  for  fully  an  hour  through  the  wanned  sparking 
apparatus  before  the  moisture  was  sofficiently  absorbed  by  the 
dehydrating  agents.  When  this  was  done,  photographs  of  the  sp&rk 
showed  either  no  trace,  or  only  the  faintest  traces,  of  the  spectrum 

I  above  described.  On  introducing  a  drop  of  water,  and  letting  it 
spread  over  a  plug  of  asbestos  placed  in  the  current  of  gas,  tho 
•pectmm  above  described  at  once  imprinted  itself  on  the  photo- 
graphio  plate.  Tho  effect  was  the  same,  whctlier  tho  gas  nscul  was 
hydrogen,  oxygen,  nitrogen,  or  carbonic  acid.  In  tho  cose  of 
nitrogen,  some  of  the  channelled  bonds  due  to  that  gas  overlap  tho 
water  spectrum,  and  i)artly  obscure  it,  but  not  so  much  but  that  it  can 
be  still  very  distinctly  recognised.  When  a  condenser  is  used,  the 
val«r  spectrum  disappears.  The  same  spectrum  apiKJors  in  tho 
De  Keritens  arc,  but  is  lees  fully  dovcloj>ed.  Tho  spectrum  wo  have 
flgnnd  does  not  by  any  means  exhaust  tho  ultra-viulvt  spectra 
of  the  flames  wo  have  observed.  In  writing  of  this  and  other  spectra 
which  wo  have  traced  to  compounds,  we  abstain  from  spoculating 
upon  tho  particular  molecular  condition  or  stage  of  combination 
of  deoomp(«ition,  which  may  give  rise  to  snob  spectra.  Tho  fisct  of  an 
nltra- violet  spectrum  of  water  oooairiog  in  spectra  of  flames  opens  np 

*  ThU  we  rrcoitkd  in  a  Nolo  of  dale  Jons  8,  1880,  lee  'Pme.  Bov.  Boo.' 

No.  205,  p.  S.     I)t.  iluggini  diaooreivd  the  anie  •{Hctniiii  bMiepeo<lenuy.  and 

innioatcd  Ibn  Mune  on  Jnoe  16.  1880.    Our  paper  no  thi«  fpeoial  eprctniiii 

dale   17th  June.      Both  paper*  were  rcaj  at  tbc   101110  meeting  of  tho 
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i|ne»ttoU(i  as  to  tlie  cuiiBsire  power  for  r«di«tion  of  short  ware-lengl 
uf  gOMoiiviei  KitbstaiiiMs  at  comparatively  low  temperatures. 

Such  facts  com])Ict«'l7  modify  the  inferences  which  Lave  be 
til-awn  as  t4>  the  cuntiuuity  of  flame  spectra  aud  the  character  ofj 
spocific  absorption  of  the  vapour  of  water. 
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Identity  of  Spectral  Linet, 

Tu  Eirchho£r8  '  Bosearches  on  the  Spectra  of  the  Cheimi 
Elements,'  p.  10,  tlie  following  reference  is  made  to  the  appon 
identity  uf  waTo-lcngth  of  some  s])ectral  lines.  M 

"  If  we  compare  the  B])cctrtt  uf  the  difibrcnt  metals  with  ^ 
other  several  of  the  bright  lines  appear  to  cuiucide.  This  is  especia! 
Dotiocable  in  the  case  uf  an  iron  uud  mngiicsium  line  at  1655 '  6  (b^),  a 
with  an  iron  line  aud  calcium  line  at  15*22 '7  (E).  It  seems  to  me 
bo  a  iincstion  of  great  interest  to  determine,  whether  these  and  oil 
similar  coincidences  are  real  or  only  a{)parent ;  whether  the  lines 
question  actually  fall  one  u])on  the  other,  or  whether  they  lie  ve 
oloae  together.  I  believe  that  my  method  of  observation  docs  i 
pOBBOSB  the  requisite  accuracy  for  the  purpose  of  answering  tl 
question  with  any  degree  of  probability,  and  I  think  that  a  lar 
tiombcr  of  prisms  and  on  increased  intensity  of  light  will  pro 
neeewary."* 

The  subsequent  investigations  of  Angstrom  and  Thaleu  increas 
the  number  uf  apparent  cuincidences  amongst  the  spectral  lines 
different  clumeuts. 

The  question  of  the  identity  of  spectral  lines  exhibited  by  d 
ferent  elements  is  one  of  groat  interest,  because  it  is  very  improbal 
that  any  single  molecule  should  be  capable  of  taking  up  all  t 
immense  variety  of  vibrations  indicated  by  the  complex  spectrum 
iron  or  that  of  titanium,  and  it  might  therefore  be  expected  that  su< 
substances  consist  of  hetcrogoneuus  molecules,  and  that  some  mo] 
ciilos  of  the  same  kind  as  occur  in  these  metals  should  occur  in  mo 
than  one  of  the  supposed  elements.  Further,  the  supposed  identi 
of  certain  lines  in  the  spectra  of  more  than  one  clement  has  bei 
made  by  Mr.  Lockycr  the  ground  of  an  argument  in  support  of 
theory  as  to  the  dissociation  of  chemical  elements  into  still  simpl 
constituents,  and  in  reference  to  this  ho  wrote  :  ^  "  The  '  basic  '  lin 
recorde<l  by  Tlialen  will  require  special  study,  with  a  view  to  det« 
miue  whether  their  existence  in  different  spectra  can  be  explained  ' 
not  on  the  supposition  that  they  represent  the  vibrations  of  fom 
which,  at  an  eiu'ly  stage  of  the  planet's  history,  entered  into  combin 
tinn  with  other  forms,  differing  in  proximate  origin,  to  pr 
different  '  elomcnts.'  " 

Young,  on  examining  with  a  spectroscope  of  high  dispersion 

*  'Resenrches  on  the  Spectra  of  the  Chemical  Elements,'  by  O. 
p,  10.     18(52. 
t  •I'roc,  Boy.  Soc."  vol.  xxx.  p.  31. 
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70  lines  given  in  Angstrom's  map  as  common  to  two  or  more  sub- 
stances, bus  found  tbttt  50  are  double  or  treble,  7  more  doubtful,  and 
only  7  appear  detinitoly  single,  and  he  remarks :  •  "  The  complete 
inrestigittion  of  the  matter  requires  that  the  bright  line  spectra  of 
the  metals  in  question  should  bo  confronte<l  with  each  other  and  with 
the  solar  spectrum  under  enormous  dispersive  power,  in  order  that 
we  may  determine   which  of  tlio  components  of   each  double  line 
bslimga  to  one  aud  which  to  the  other  element."    It  is  ihis  confronting 
of  the  bright  line  spectra  of  some  of  the  terrestrial  elements  which 
wo  have  attempted,  and  of  which  wo  now  give  an  acconnt.     For  the 
dispersion  we  have  used  a  reflecting  grating  similar  to  that  used  by 
Young,  with  17,290  lines  to  the  inch,  and  a  ruled  sarfoco  of  about  3k 
square  inches ;  telescope  and  collimator,  each  with  an  aperture  of 
1^  inch  and  focal  length  18  inches,  the  lenses  being  of  quartz,  cut 
[  perpendicularly  to  the  axis  and  unachromatised,  giving  a  very  good 
definition  with  monochromatic  light.     The  chromatic  aberration  is  in 
this  case  an  a<lvautago,  for  when  the  telescope  is  in  focus  for  lines  in 
the  spectrum  of  any  given  order,  the  overlapping  parts  of  spectra  of 
different  orders  are  out  of  focus,  and  their  brightness  consequently 
'inore  or  less  enfeebled.     Wo  have  sometimes  used   green  or  blue 
'glasses  to  enhance  this  result.     The  telescope  and  the  collimator 
were  generally  fixed  at  about  45'^,  the  collimator  being  more  nearly 
normal  to  the  grating  than  the  telescope,  and  the  grating  moved  to 
bring  in  snooessive  {mrts  of  the  spectra.     For  the  parts  of  the  8]>cctra 
less  refrangible  than  the  FraunhOfer  line  E  the  spectrum  of  the  thinl 
[order  was  employed,  for  the  more  refrangible  rays  that  of  the  fourth 
order.     The  source  of  light  was  the  electric  ore  taken  in  a  crocible 
of  magnesia  or  lime,  the  image  of  the  are  being  focussed  on  the  slit; 
and,  for  the  examination  of  any  supposed  coincidence,  first  one  metal 
was  intro<litoed  into  the  crucible,  and  the  line  to  be  observed  placed 
on  the  pointer  of  the  oyo-pieoe ;  the  second  metal  was  then  intro- 
duced, and  then  in  most  cases,  as  detailed  below,  two  lines  wore  scon 
whore  only  one  was  visible  before,  aud  the  pointer  indicated  which  of 
tlie  two  belonged  to  the  metal  first  introduced.     In  some  cases  whoro 
both  metals  were  already  in   the  crucible,  wo  had  to  reinforce  the 
[  dpootmm  of  one  of  the  metals  by  the  intro^luction  of  more  of  that 
[.metal,  which  geuerally  brought  out  the  spectrum  of  that  metal  more 
tsarkodly  than  the  other,  and  enabled  us  to  distinguish  the  lines  with 
|s  high  degree  of  probability.     Thus  the  crucibles  of  magnesia,  or 
^  the  carbons,  always  contain  sufficient  lithium  to  show  the  orange  line 
and  the  calcium  lino  heretofore  supposed  coincident  with  it  (nrave- 
leugth   6101-9^,  but    we   observed    these   lines   quite   distinct   and 
eparated  by  a  distance,  estimated  by  the  eye  in  comparison  with  the 
iistanco  of  neighbouring  titanium  lines,  at  about  one  division  of 
^Angstrom's  scale.     On  dropping  a  minute  piece  of  litbiom  oarbonato 
into  the  crocible,  the  less  refrangible  lino  was  seen  to  expand  and 
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for  a  abort  time  to  be  reroreed,  the  otber  line  remaining  narrow  a: 
quito  uukltercd.  Wbcn  the  lithiam  hod  evaporated,  and  both  lii 
were  again  narrow,  a  small  piece  of  Iceland  spar  was  dropped  ii 
the  crucible,  which  immediately  cansed  the  expansion,  and  on  o 
occasion  the  reversal,  of  the  more  refrangible  line,  while  now  t 
leas  refrangible  lino  was  unaffected. 

In  this  waj  we  satisfied  ourselves  that  the  calcium  line  is  t 
more  refrangible  of  the  two,  and  is  probably  represented  by  tbo  li 
at  wave-length  GlOl-9  in  AngstrOm's  normal  solar  spectrum,  wh 
the  lithium  lino  appears  to  be  unrepresented. 

In  the  case  of  iron,  which  gives  such  a  multitude  of  lines,  it  v 
a  priori  probable  that  some  lines  would  be  coincident,  or  nearly 
with  lines  of  other  elements ;  and  in  fact  we  find  that  in  five-sirl 
of  the  supposed  coincidences  lines  of  iron  arc  involved.  We  ha 
therefore,  chiefly  directed  our  attention  to  iron  lines.  A  compli 
account  of  the  separate  resolutions  will  be  found  in  the  '  Froceedu 
of  the  Royal  Society,'  May,  1881.  ■ 

Fl.  n.,  Fig.  5,  shows  the  appearance  of  the  magnesinm  gro^ 
the  solar  s]>octrum  as  observed  in  spectroscopes  used  by  diffen 
obeerrers.  The  lines  marked  li^  and  h*,  which  appear  to  be  sinj 
linea  in  the  maps  of  Angstrom  and  Kirchhoff,  are  resolved  into  donl 
lines  by  the  greater  dispersion  employed  by  Thollon.  The  followi 
table  shows  the  relative  dispersion  and  number  of  lines  seen 
different  observers  when  powerful  instnimenta  are  directed 
same  solar  group : — 

Gaour  £  or  Solas  Ststex. 


Number  of  Linn. 

Dtapeniaa. 

AngBtiuin     .. 

U 

800 

Kirchhoff     .. 

12 

1400 

Pickering 

29 

2000 

Young 

36 

2720 

The  indium  line  4101  '2  we  found  very  difficult  to  separate  & 
the  hydrogen  line  (Aj,  as  the  latter  hod  to  be  observed  from  a  tt 
with  a  spark,  and  it  is  both  faint  and  diffuse;  but  several  obeer 
tions  all  led  to  the  conclusion  thut  the  indium  lino  is  very  sUgb 
less  refrangible  than  that  of  hydrogen. 

We  have  also  directly  compared  the  iron  line  at  5316 '07  w 
the  solar  spectrum,  and  found  that  the  iron  line  corresponds  w 
the  less  re&angible  of  the  two  solar  lines  at  this  place,  so  that  f 
chromoepheric  lino  is  in  all  probability  the  other  line  of  the  pair. 

There  are  still  a  few  cases  of  supposed  coincidences  which 
have  not  examined.  The  results  which  we  have  recorded  strong 
confirm  Young's  observations,  and  leave,  wo  think,  little  doubt  t] 
the  few  as  yet  unresolved  coincidences  either  will  yield  to  a  higl 
dispersion,  or  are  merely  accidental.  It  would  indeed  be  strange 
amongst  all  the  variety  of  chemical  elements  and  the  stUl  grea 
variety  of  vibrations  which  some  of  them  are  capable  of  taking  i 
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there  wore  no  two  which  conM  take  np  vibratioiiB  of  the  samo  period. 
Wo  certainly  should  have  supposed  that  substances  liko  iron  and 
titanium,  with  such  a  largo  number  of  lines,  must  each  consist  of 
more  than  one  kind  of  molecule,  and  that  not  single  lines,  but 
Beveral  lines  of  each,  would  be  found  repeated  in  the  spectra  of  some 
other  chemical  elements.  The  fact  that  hardly  single  coincidences 
can  be  established  is  a  strong  argument  that  the  materials  «f  iron 
and  titanium,  even  if  they  bo  not  homogeneons,  are  still  different 
from  those  of  other  chemical  elements.  The  supposition  that  the 
different  elements  may  be  resolved  into  simple  constituents,  or  into  a 
single  one,  has  long  been  a  favourite  speculation  with  chemists  ;  but 
however  probable  this  hypothesis  may  appear  a  priori,  it  must  bo 
acknowledged  that  the  facts  derived  firom  the  most  powerful  method 
of  analytical  investigation  yet  devised  give  it  scant  support. 
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GENERAL  MONTHLY  MEETING, 

Monday,  July  4,  1881. 

Thi  Dckb  op  Nobtbvmbxblamd,  D.C  Ji.  LL.D.  Freeident,  in  i 

8.  P.  Lncas  Konarski,  Esq. 
Charloa  William  Mitchell,  Esq. 

wero  eIoc(«d  Mombera  of  the  Royal  Institution. 

Tbo  PsKssNTfl  received  einco  the  lost  Mectin.;  were  laid  oi 
table,  and  tho  thanks  of  the  Members  retuniod  fur  the  some,  via. 
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Tht  ficenrfciry  of  Stale  for  India — Account  of  the  Great  Trigonometrieal  Si 

of  India.    VoL  VI.    4to.    Debra  Dan.  1880. 
The  Qotemor  Oeaerol  of  India — Oeological  Purvey  of  India : 
Beoofd*.    VoL  XIV.    Purl  2.    8to.    188J. 

Aeoadrmia  del  Lineei,  Reale,  Itotna — Atti,  Serie  Tcrza:    TraDsnnti, 

Fa»c.  13.    4to.     1881. 
Analie  Society  of  Bengal — 1881,  ProooedingB,  No.  4.    Sva 
Journal,  Vol.  XLIX.  Part  I.  Extra  No.    Vol.  L.  Part  I.  No.  1.    Part  1 
8\o.     1881. 
Aelramomieal  Boaiety,  Boyai— Monthly  Nnticea,  Vol.  XLI.  No.  7. 
Amfcm'  JiM(i7W«-JonrDal,  Vol.  II.  Part  C.    Svo.    1881. 
Chemieal  Soa'eht — Joumol  for  June,  1881.    8to. 
Crim,  Frank,  Eni.  LL.B.  F.L.8.  &e.  il.B.I.  (the  £i<i7or)— Journal  of  the  £ 

Microuoopical  Society,  Serioa  II.  Vol.  I.  Pnrt  3.    8vo.     1881. 
Editor* — American  Journal  of  bcience  fur  June,  1881.    8to. 
Analyst  for  June,  1881.     8to. 
AtheDmiim  for  June,  1881.    4to. 
Cliemical  News  for  June,  1881.    4to. 
Engineer  for  June,  1881.    fol. 
HorologioU  Journal  for  June,  1881.     8vo. 
Iron  for  June,  1881.     4to. 
Nature  for  June,  1881.    4to. 

lic-vue  Scicntifiquc  and  Revue  Politique  ct  Litli!nure,  June,  1881. 
tNtiiitary  Kngineering,  No.  1.     4to.     1881. 
Telogrnpliic  Journal  for  June,  1881.    8vo. 
Franklin  //u(i7ii/« ^Journal,  No.  G66.     8to.     1881. 
Geographical  Society,  Royal-  -Ptoceedinga,  New  Serie*.      Vol.  ID.  No.  6. 

1881. 
Ofologioal  Socirfy— Quarterly  Journal,  No.  146.    8to.     1881. 
Uouteau,  J.   C.    et   Lanoaiter,  A.    (the  Authnrt) — Biblingraphie    Gdncrale 

I'ABtronomie.    Tome  IL  Fasc.  3.     8vo.     Uruxellea,  1881. 
Z^^nnMinSoerVry— Journal,  Noe.  10!>-1 12.    8to.     1879-81. 
Litlion  Royal  Academy  of  Sdmcee : — 
Hiistnria  e  Memorias : 
Claaee  de  Sviencias  Horacs,  Politicos  e  Bellas-Lettnu  :  Novu  Serie,  Tom 

Parte  I.     4lo.     1879. 
Cl[is60  de  Bciencioa  Mathematicas,  Physicas  e  Natumoa :  Nova  Serie,  Tom 
Parte  2.     4to.     1878. 
Jomal,  Num.  21-29.    8vo.    1878-80. 
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Seuio  Publioa,  era  9  Junio,  1880.    8ro. 

£.  A.  Motta:  Histologia  Oeral.    8to.    LUboa,  1880. 

Demostheneg :  Ora^  da  Coroa :  Yera&o  por  J.  M.  L.  Coelbo     8vo.    Liitboa, 

1880. 
W.  Bhakespeare :  Hamlet:  Tradncf&o  de  Bnlh&o  Pato.    8to.    Lisboa,  1879. 
Fem&o  de  MagalheU  :  por  Diego  de  BarrOa  Arana :  Tradnc^  de  Fernando 

de  Hagalb&ea  de  Yillaa-noas.    8to.    Luboa,  1881. 
Ovidlo :  03  Fastoe :  Tradnc^o  por  A.  F.  do  Castilho.    3  vols.    8to.    Liaboa, 

1862. 
P.  Calderon  de  Barca :  Vida  e  Eecriptoa :  por  J.  B.  Sibeiro.  8to.  Lisboa,  1881. 
Liilxm,  Sneiedade  de  Oeografia-Boletim :  2/'  Serie,  No.  4.    8to.     1881. 
XiVarpooI  Literary  and  Phuotophieal  Society — Pioceedingi,  Vols.  XXXIII.  and 

XXXIV.     8vo.    1878-80. 
Longmani,  Menrt.  &  Co.  (the  PuUuhen')—'B.  Watts :  Dictionary  of  Chemistry, 

Vol.  VIII.  Tliird  Supplement,  Part  2.     8vo.     1881. 
MeUorolcgieal  Office — Beport  of  International  Meteorological  Committee,  Bcrac, 

1880.    8v(i.     1881. 
Pharmaeeutieal  Society  of  Great  Britain — Journal,  Jnne,  1881.    8vo. 
Photographic  Soeirfu— Journal,  New  Series,  Vol.  V.  Nos.  8,  9.    8vo.    1881. 
SeeUith  Society  of  Arte,  i2»ya2— Transactions,  Vol.  X.  Part  3.    8to.     1881. 
Bfmoiu,  6.  J. — Monthly  Meteorological  Magazine,  Jane,  1881.    8vo. 
Outed  Service  Imlitution,  Jioyal— Journal  No.  110.    8to.     1881. 
Upeal  Univertity — Bulletin  Mensuel  de  I'Obscrratoirc  Me'ttSoroIogique,   1880. 

Vol.  XIL    4to.     1880-1. 
Verein  tur  Befordemng  de»  Getoerbfieiue*  in  Prewsen— Verhandlnngen,  1881. 

Nos.  5,  6.    4to. 
Zodlogioal  Society  of  Lorufon— Transactions,  Vol.  XI.  Part  5.    4to.    1881. 
Proceedings  in  1881.    Part  1.    8to.    1881. 
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GENEKAL  MONTHLY  MEETING, 

Monday,  November  7th,  1881. 

Qbobqi  Bcsk,  Edq.  F.R.S.  Troosorer  and  Vice-President,  iu  the  ( 

Edward  Eoslon,  Etiq.  M.I.O.E. 
WM  elected  a  Member  of  tho  Royal  Institution. 

The  Spocinl  Thanks  of  tho  Members  were  given  to  the  Scoi 
of  State  for  India  for  the  present  of  '  The  People  of  India,   by  J.  ] 
Watson  and  J.  Kayo,'  Volumes  III.-VIII. 


The  Chairman  announced  that  the  Fullorian  Professorshr 
Physiology  became  vacant  on  the  4th  of  November ;  and  that 
Managers  would  proceed  to  the  election  of  a  Professor  on  tho  5' 
December  next. 


i 


The  Pbksknts  received  since  the  last  Meeting  were  laid  on  tl 
luble,  and  tho  thanks  of  tho  Members  retarued  for  tho  sime,  viz. 


1 


IV  CrOMrnor  General  of  Iiidin — Ocohigioal  Survey  of  InrlU  : 
RooorJs.     Vol.  XIV.     Port  3.    8vo.     1881. 
Memoir*:  Vol  XVr.     Parts  2. 3.    4to.     1880. 

Palwontologio  Indi.n:  Series  11.    Vul.  I.  Parts  1-4.    Series  XI.  Vol.  H, 
1,  2.    Series  11.  XI.  XII.     Vol.  III.    fol.     1880-1. 
The  Seerttary  of  SlaU  for  India — J.  Forbes  Watson  and  Jnbn  WUliain  Kajv.  Tli 

Pw)plo  of  ladia  (with  Pbolographs).     Vols.  III.- VIII.    4to.     1868-75. 
The  Lnrd*  CkmiaittioiieTf  of  the  AdmiraH;/ — GreLUwich  Observations  for  1871 
4to.     1881. 
Onpe  Catalonio  of  Stars :  1834-40.    8vo.     1878. 

Oatulogue  of  12,441  Stars  for  1880,  from  observations  made  at  the  Oupe  of  Goo 
Hope  durinjj  the  yoars  1S7 1-9.    4to.     1881. 
Aead^mie  de*  Scienca  de  Tlnstitut  de  France — Mdmoircs.    Tome  XLI.     2*  8eri< 
4to.     1879. 
PnSsentA  par  Divers  Savants.     2<'  Sc'rie.     Tome  XXVI.     4to.     1878 
Aeeademia  dei  Liiieei,  Bealc,  Roma — Atti,  Serio  Terza:  Transunti,  Tome 

Faso.  14.     4to.     1881. 
Aeiuarief,  ItulituU  o/'— Journal.     No.  123.    8vo.     1881.  _ 

American  Academy  of  ArU  and  Seitneet — Proceedings.     Vol.  XVI.  Parts  1  and  1 

8vo.     1881. 
American  Metroloaical  Soe/ety— Proceedings.      Vols.  I.  and  II.  1873-79.      8v( 

New  York.  1880. 
Ainirioan  Philoiophical  SociWy  — Traiisactione,  Vol.  XV.  Part  3.     4to.     1881. 

Proceedings,  Nos.  107,  108.     8vo.     1880-1. 
Aiitiijuariet,  Afieti/  '/— Arclireologio.     Vol.  XLVI.  Part  2.    41o.     1881. 
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Arrhrol'iaicnl  Surrey  of  Wntem  India — J.  Biitp^ss  luiil  niia)("^nn  Lol  Indmji 
Pniidil:  Inwriptioiis  from  the  Cftve  Ti'oipli 8  of  Wetleni  Iinlia.   No.  II).   4to. 
BomtniT.  1881. 
Atiatte  SuriVj/.  /toyo/— .lonmal,  New  8eric«,  Vol.  XIII.  Parts  3,  i.    8vo.     1881. 
A»iali>-  S<K-iel!/  of  i^i-nj/.ii— 1881,  Proceedingg,  Nog.  S,  6,  7,  8.    8to. 
AitTtmamieal  Soeieli/,  A>>a/— Monthly  NotiotM,  Vol.  XL.I.  Nos.  8,  9.    8va.    1881. 
Banken'  luttitvla—Joivma},  Vol.  II.  Part  7.     8vo.     1881. 
BataHan  Aeademy  of  eirienoet,  i?oy<J— Sit7ung«bcrichto:  1881,  H«fl  3.     8vu. 
AbhAodlung.  D.     Uaiid  XIV.  Ho  Abtheilunp.    4to.     1881. 
Meteotulogii>rlie  und  Mag-uetuche  Beoborhtiin^n  bei  Miiuolien.     1880.    8to. 
1881. 
Board  of  Trade  (Standard*  Department) — Weights  and  Mftianrec :  Repoii.    (P 18) 

fol.     1881. 
Bonton  &icittj/  of  Xalural  Uhlory — Aniiivpninry  Mi'mnirs,  1830-80.     4to.     1880. 
Brain*,   WoodhoHM.  Etq.  F.HC.S.  U.R.I.  (lite  .Ju//ior)— Index  to  the  Laws  of 

Whirtt.     IGto.     1881. 
Britith  ArdiiUeU,  Royal  IntMute o/— Proceedings,  1881-82, Nos.  1  and 2.  4to.  1881 . 
Broviniw},  Choir,  Eeq.  M.A.  (the  Author)— An  Inttodaction  to  the  Htstury  of 

Erlucational  Tlienries.     8to.     1881. 
Chemiml  Soeieli/^JuumiA  for  Jnly-Oct     1881.     8vn. 

Ciril  Kngineert'  Inttilvtion — Hiiivites  of  Proccwliogs  Vola.  LXIV.  LXV.  and 
LXVI.    8vo.     1880. 
Subject  Indc!c  Volt  I.-LVIII.     8to.     1881. 
CWc  John.  Eeq.-U.  W.  G>le.  Q.C.    Saint  Aiipustiiie;  a  Poem.    8to.     1877. 
Commimionert  in  I/u«i«t/— Thirty-6fth  Report,  1880.     8to.     1.S81. 
Crup,  Frank.  E*q.  LL.U.  F.L.S.  rf-o-  M.B.l.  (the  Ai/iV/t) -Journal  of  the  Royal 

MicrroBooiiicnl  8«ciity,  Seric*  II.  Vnl.  I.  Purta  4,  5.     8vo.     1881. 
Ondket,  W.  OtUing,  W.  and  C.  Meymott  'lidy  (the  Author*) —Rrfhttta  on  Ixindou 

Water  Supply,  1880-1.     Noe.  C  7.  8.  9.    4U). 
Dax :  Soei^tf  de  Dorda — Bulletins,  2«  8c'rie,  aixibme  Annee  :   Trimeatre  1 ,  2,  3. 

8ro.     Dux,  1879. 
D*  Ctiwlolte,  M.  C.  M.U.I  (the  .lutAor)— Oonsid^tioiu  sitr  1'fiiude  de  Phyllotuic. 

(1..  18)     8vo.     Geiiive,  1881. 
Dnontkire  Auoriation  for  the  .idraneeineiil  of  •'^enee,  Literature,  and  .ilrt— Be|ntt 

and  Transactions,  Vol  XIII.     8vo.     1881. 
DUMtanti,  Society  o/— Antiquitiea  of  Ionia,  Part  IV.     ful.     1881. 
Sdilon — American  Journal  of  Soienee  for  Jnly-Oot.  1881.    8td. 
Analyst  for  July-Oct.  1881.    8to. 
Athenaam  for  July-Oot  1881.    4to. 
Ohemieal  News  for  July-Oot.  1881.    4to. 
BniSiDeer  for  July-Oet.  1881.    ful. 
Honlogical  Journal  fur  July-OoL  1881.    8vu. 
Inn  for  Jnlj-Oct,  1881.    4to. 
Nature  for  Jaly-Oct  1881.    4to. 

Bemo  Soientiflqae  and  Kevue  Politiqne  et  LilU<r«u«,  Jaly-OoL  1881.    ito. 
T«lag;nphio  Joumnl  for  Jaly-OoL  1881.     8tu. 
rUmlmo,  Aatdforxi,  Evj.  C.M.O.  (the  ^iiMor)— The  Adoption  of  a  Prime  Meriilian 

lobe  Common  to  all  Nations.    (K  104)    8ro.    1881. 
iVadUm /ns<t<W«-JonniBl,  Nov.  607.  GtUt,  669,  670.    8to,     1881. 
0«Mrapk«eaI  Society,  iio.vol— Proceedings,  New  8crie«.     VoL  111.  Nob.  T,  8, 9, 10, 
11.    8to.    I88I. 
Jooraal.  Vol.  L.    8vo.    1880. 

0«QW»1  Index  of  tht<  fonrth  ton  volumes  of  the  .loomaL    8va     1881. 
CJMrifled  CWalofCue  of  llw  Library  to  Dec.  1870.    8to.     1871. 
OaoiayiealAwie^— Quarterly  Journal,  No.  117.    8to.     1881. 
Gta4Jow/>Ulo«)pMea;.SooiWv— Prooeedlngii,  Vol  XIII.  No.  1.    Sra     IMI. 
Bttrriton,  W.  U.  Emi.  (the  Author)— Tb»  FottDdUur  of  the  Uritiati  AMoeiia:oa. 

(O  17)    ISmo.     1881. 
aunltrian  &(My— AMtact  of  the  TmaMMtioH,  1880-1.    8fa     IMI. 
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Irish  Aeademf.  Boyal—Tmaaaelioua,  Vol.  XXVII.  Port  4,  Vol.  XXVIII. 
J-5.     4to.     1881. 

rrr- 11"—  fVriM  11.  Vol.  II.  Port  2.     Vol.  III.  Part*  5,  6.     8vo.     1880- 

Jahl''  r;«»«U»rAa/l.  fiJr»fli<?A*-.Iftlireabcriclit,  1881.    8to. 

Jnl.  'mm  R.  C.  if. A.  M.R.I,  {the  AuiJuyr)— The  Devotion  of  the  I 

lic.iit;  nil  Ex()rmuri>  of  it!"  Eirur*  ami  l)aiiger!i.     lOto.     1881. 
Jud^.  Mark  II.  Ek).  iOir.  .SfcrWurj)— Purken  Mu«cuia  of  Uygiouc:  Official  ( 

1  .|    •-    •    -    1  .Saiiilary  Exliibilion.  1881.     8vo.     1881. 

Kerr  ■  jli»ttof>— C'lier  IVnsaiielcoit:  A  Long  Loet  Ud 

i  L      ,    !  j— A  Ro-»»«<  rlion.    (K  104)    8vo.     1881. 

Linnran  Society— Jounai,  Nos.  80,  87.  113.  114.     8to.     1881. 

LMon,  Soeiedade  He  Geogmfia—ho\t\.\m  :  2"  Serie,  Nob.  ."i,  6.    8vo.     1881. 

lAoyd,   Wm.   Watkin.  E*n.  'M.R.I,  (the  Aullior)— The  History  of  Sicily   to 

Athenian  War,  with  Eluciilntionii  of  tin'  Sifilian  OJcs  of  I'indur.   8vo.    187: 

Till-  Age  of  Pericle* :  A  History  of  the  Politic*  und  Arts  of  Greece  from  tli 

PersiftQ  to  tlic  Peloponnesiiin  War.     2  vols.    Svo.     1875. 

Madrat  Litrrury  &)eir(y— Hadraa  Joarnal  of  Literature  and  Science  for 

Svo.     1881. 
UawliattT  Geological  iSocMy— Tranraction^  Vol.  XVL  Psrta  6, 7,  8.    Sva 
Mimduiltr  SUam  Utert'  Anocialion—VlepoTta,  1879.    8to.     1870. 
Bbduuueal  Sngineerr,  ItuUtuUon—PTocevdingi,  1881.    No  2.     8Ta     1881. 
Medieal  and  ChirurgioaX  Society,  iioyol— Prooeedingii,  No.  5.    Svo.     1881. 
Mateordlogical  SocMy— Quarterly  Journal,  Nos.  37,  38,  39.    8vo.     1880. 
The  Snow  Storm  of  January  17  to  21.     (L  17)    8ro.     1881. 
Hints  to  Meteorological  OlMervera,  by  Mm.  Marriott.    8vo.     1881. 
Meteorological  Bixxinl,  No.  1.    8vo.     1881. 
Muttoal  J«fOcia<Km— Proceedings  in  1880-1.     Svo.     1881. 
Norfolk  and  Naneieh  NatunUitlt  Society — Tranmotions,  Vol.  III.  Part  2. 

1880-1. 

Jforih  of  Enyltnid  Intiitiile  of  Mining  and  Mrchnnioid  Engineert — An  Account  i 
the  btrnta  of  NorthumoerUod  and  Durbnui,  as  proved  by  Borings  and  Sin] 
ings.    C-E.    Svo.     1881. 
Kormxiian  North  Atlantic  Expodiiion:    Editorial  Committee — Zoology   III.   4t< 

Ciirisliaiiia,  1881. 
PatoliHi,  I'ietro  Detiderio  {the  Author) — Uocumcnti  riguardanti  Antiohe  Belazioi 

frn  Venozift  c  linvtmia.     Svo.     Imolu,  1881. 
Perry,  Jltr.  S.  J.  F.RM.  (the  Author) — Kcdulta  of  Meteorological  and  Ma^ietio 

Obscn-ations,  b*tony hurst.     12mo.     1880. 
PharmaeeiUieal  timely  of  Great  Britain— Juuinnl,  Jnly-Oct.  1881.    Svo. 
Photographie  Soeietf—Jonnmi,  New  Series,  Vol.  VI.  No.  1.    Svo.     1881. 
Phijtieal  Society  o/ iondon— Pmcectlings.  Vol.  IV.  Parts  :<,  4.    Svo.     1881. 
Plateau,  M.  Bon.  M.R.I,  (the  Author) — tjuelijues    Exfieriences  sur  les  Lunii 
Liquides  Minces  (Bulletins  de  I'Academie  royale  de  Belgique,  3"  Serie 
Tome  U.  No.  7).     Svo.     1881. 
I'lilitical  Economy  Club — List  of  Members,  1821-81 :  Rules,  Questions  Diiicuasn 

4c.  Vola  L  II.  lU.    Svo.     18«0-81. 
Preumtdie  Ahademie  der  Wittentchaften — Monatsberichte :    Man,  April,  188' 

Svo. 
Rigg,  Edward,  Etq.  M.A.  (the  Author) — Watchmaking.    (Cantor  Lectures). 

1881. 
Boyal  College  o/ Smiv/tohs— Calendar,  July  1881.     Svo. 
i7ov<i(  feVMyo^Lon'tfoii— Proceedings,  No8.  213,  214,  215.    8to.     1881, 

Pbilosophiral  I'ransactions  for  1881.     Part  2.    4to.     1881. 
Roynl  Sijciety  of  A'eir  Soulh  M'alee — Jonriinl  of  ProceediiigK,  Vol.  XIV.  Svo. 
St.  I'iftcrJiourg.  Acatle'mie  del  Scifnan — Bulletin?,  Tome  XXVII.  No.  3.  4to. 

Memiiircii,  7"  8erie,  Tome  XXVIll.  Niie.  3,  4,  5.     4lo.     1880-1, 
Sojcoii  An-/'c/v  "/ Science*,  Woyu/— Philologiseh-historische  Clussc :  Abhaudltmgei] 
Blind  VIII.  Nos.  2,  3.     Svo.     1S80-1. 
Verhaudluiigen,  1880,  Nos.  I,  2.     Svo. 
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Mathemntisch-physigcbe  Claase:   AbUandlungen:  Band  XII.  Kug.  2a,  ."i,  6. 

8to.    1880. 
VerbaodlDDxen.  1880,  Nog.  1,  2.    8to. 
Siemeni,  C.  Wm.  Etq.  D.C.L.  F.R.8.  M.R.I,  (ihe  Author)— On  some  Applicaliona 

of  Elertrio  Energy  to  Horticnlturo  and  Agricaltore,  and  a  Contribution  to 

the  History  of  Bi-oondary  Batteries.    (K  104)    8vo.     1881. 
8mUh$onian  Itatitvtion,    WaMnglon — Smithsonian  Contribution  to  Knowle<1ge, 

Vol.  XXIII.    4to.     1881. 
Smithsoniaa  Miscellaneous  Collections,  Vols.  XVIIL  XIX.  XX.  XXI.    8to. 

1880-1. 
Joseph  Henry :  Memorial.    8to.    1880. 
Societf  BoOandaite  det  Seieneet — Archives  N^rlandaises,  Tome  XVI.  Liv.  1,  2. 

8vo.     1881. 
Soeiet'i  o/ ><W»— Journal,  July-Oct.  1881.    8vo. 
Statiiiieal  Society— Jaamal,  Vol.  XUV.  Parts  2.  3.     8to.     1881. 
Stone,  W.  n.  Etq.  M.B.  {the  .<4u/Aor)— ScientiSo  Teaching  (from  Popolar  Bcienoe 

Kpview,  July  1881). 
Swedifh  Arademy  of  S'-ieneet,  Royal— Handlingar  (Memoirs),  Vol.  XIV.  Part  2 ; 

XV.  XVI.  and  XVU.    4to.    1876-9. 
Ofversigt :  af  FfirlianHlingar-ArRangen  34,35,  36. 37.  8vo.  Stockholm,  1877-80. 
Bihang:  Bindet  IV.  Hafte  1,  2.    Bandet  V.  Hafte  1,  2.    8ro.    1877-80. 
Lefnadsteokningar  ofver:  Band  II.  Hafte  1.     1878. 
Symoiu,  G.  J. — Monthly  Meteorological  tiagazine,  July-Oct.  1881.    8vo. 
Tasmania  Boyal  Sooiety— Monthly  Notices  for  1878.    8to.     1880. 
Telegraph  Engineert,  Society  of— Journal,  Part  37.    8to.     1881. 
TVy/rrdrMMii— Archives:  Sdrie  II.  Partio  1.    8to.     1881. 
United  Service  Inttitution,  fioyaJ— Journal,  Nos.  111,112.    8vo.    1 881 . 
Yerein  tur  Be/urdamng  de§  Oeu>erbfteit$e*  in  Prmu$en — Verhandlnngen,  I8S1, 

Nos.  7,  8.    4to. 
KiWor/a  7n(((fu(e—Jonmal  of  Transactions,  No*.  58,  59.    8vo.    1881. 
Vineer.t,  B.  Etq.  Lib.  R.I.  (the  Editor)— Ba\  dn's  Dictionary  uf  Dates.  17th  Edition. 

8vo.     1881. 
Torkthire  Ardutologieal  and  Topographical  Auoeiation — Joomal,  Part  25.    8va 

1881. 
ZooUgieal  Society  of  Xoiuion— Proceedings  in  1881.    Parts  2,  3.    8vo.    1881. 
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GENERAL  MONTHLY  MEETING, 
Monday,  December  5,  1881. 
Gboboe  Busk,  Esq.  F.R.S.  Treasarcr  and  Vice-President,  in  the  Ch: 

Henry  Chester,  Esq. 
John  Grey,  Esq. 
Mrs.  Thomas  De  Homo. 
Vyvyan  Charles  Miles,  Esq.  B.A. 
George  Edward  Nash,  Esq. 
William  Russ  Pagh,  M.D. 
John  Barclay  Scriven,  Esq. 
Francis  Whitaker,  Esq. 
Robert  Porter  Wilson,  Esq. 

wore  eloctod  Members  of  the  Royal  Institution. 

The  Managers  reported,  that  nt  their  Meeting  this  day,  t1 
appointed  Professor  John  G.  MoKkndeick,  M.D.  F.R.S.E.  FuUci 
Professor  of  Physiology  for  three  years. 

The  Resignation  of  Mr.  Wabrkn  Dk  La  Ruk,  as  Secretary, 
•cconnt  of  ill-health,  was  announced,  to  the  great  regret  of 
Members. 

The  following  Lecture  Arrangements  were  announced : — 

Robert  Stawbll  Ball,  Esq.  LL.D.  F.R.S.  Andiews  Professor  of  Astrom 
ill  the  University  of  Dublin,  and  Boyal  Astronomer  of  Ireland. — Six  Lecti 
(adapted  to  a  Juvenile  Auditory)  on  "The  Sun,  thb  Moon,  and  the  Plani 
(witli  illustrations  by  the  electric  light,  &c.) ;  ou  Dec.  27  (Tuesday),  Dec.  29, 
1881 ;  Jan.  3,  5,  7,  1882. 

Propessob  John  O.  MoKsndbick,  M.D.  F.R.S.B.  Fullerian  Professor  of  Ph 
ology. — Eleven  Lectures  on  The  Mechanism  of  the  Seiises  ;  on  Tuesdays,  Jar 
to  Slarch  28. 

Henbt  N.  Moselkv,  Esq.  M.A.  F.R.S. — Four  Lectures  on  (Dokals; 
Thursdays,  Jan.  19,  26,  and  Feb.  2,  9. 

Philip  Lotley  Sclater,  Esq.  M.A.  F.R.S.  F.L.8.  Ph.D.  Secretary  of 
Zoological  Society. — Four  Lectures  on  The  Geogbafbical  Distbibutioii 
Aniuals;  on  Thursdays,  Feb.  16,  23,  and  March  2,  9. 

Professob  Ttndall,  D.O.L.  F.R.S.  Jf.i!./.— Three  Leotnies ;  on  Thnnd 
March  16,  23,  and  30. 

Ebnst  Paueb,  Esq.  Principal  Professor  of  the  Pianoforte  at  the  Natii 
Training  School  for  Music— Four  Lectures  on  Lvdwio  von  Beethoven  (\ 
illustrations  on  the  Pianofoite);  on  Saturdays,  Jan.  21,  28,  and  Feb.  i,  11. 
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WiUJAM  Watkibs  Lix>td,  E»q.  M.H.I.—Vi<ai  Lectures  on  The  Lakuvaue. 
Mttholoot,  CossTsrcTiox,  ajto  Characteristics  or  the  Iliad  and  Odyssey; 
on  8«tiir(i«;«,  Feb.  18,  25,  aud  Much  4,  11. 

PttonoBO*  Habrt  Govikr  Scelby.  F.B.8.  FG.S.  He. — Throe  Lectures  on 
Votx:A]iois;  on  Sktardsyt,  Maroli  It),  25,  and  April  1. 

The  Preskntb  received  since  tlie  last  Meotiug  were  liud  on  the 
UUe,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 


TktLonUCommutioneno/Ote  AdmiraUy — Nantioal  Almanac  for  1885.  8vo.  1881. 
Aeeademia  dei  Lincti,  RcaJe,  Soma -Atti,  Serie  8eoouda:  Vul.  V.  VL  VU.    4to. 

1880. 
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